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Equations that described the thermodynamic properties of the NaBr + H;O sys-
tem were obtained from a fit to experimental resuits for this system. The experimen-
tal results included in the fit spanned the range of temperature of approximately 260
to 623 K and the range of pressure from the vapor pressure of the solution to 150
MPa. New equations and/or values for the following properties are given in the
present work: 1) the change in chemical potential with respect to temperature and
pressure for NaBr(cr), valid from 200 to 900 K, 2) A;Ghand AsH?, for formation from
the elements for NaBr(cr) for 298.15 K and 0.1 MPa, 3) A¢Gf and A H, from the
elements, as well as S5 and Cj, n, all for 298.15 K, 0.1 MPa for NaBr-2H,0(cr), 4)
the change in chemical potential for both NaBr and H,O in NaBr(aq) as a function
of temperature, pressure, and molality, valid from 260 to 600 K and from the vapor

pressure of the solution to 150 MPa.

Key words: activity coefficient, apparent molar properties, aqueous, compressibility, dehydration, density,
enthalpy, equation of state, expansivity, formation properties, Gibbs energy, heat capacity, osmotic coef-
ficient, partial molar properties, sodium bromide, sodium bromide dihydrate, solubility, thermodynamics,

vapor pressure.
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List of Symbols

Debye-Hiickel coefficients for os-
motic coefficient, apparent molar
enthalpy, apparent molar con-
stant-pressure heat capacity and
apparent molar volume.

Activity of water in a solution.

A constant in Pitzer’s ion-interac-
tion equation, chosen to be 1.2
kgIIZ,m01~Il2-

1.0 kJ-mol K™%

Apparent molar constant-pressure
heat capacity.

Standard-state constant-pressure
molar heat capacity of the solute.
Standard-state constant-pressure
molar heat capacity of a crystalline
phase.

Specific constant-pressure heat ca-
pacity of a solution.

Specific constant-pressure heat ca-
pacity of one kg of water.
Constant-pressure heat capacity of
a quantity of solution of molality
m, and containing one kg of sol-
vent.

Ion-interaction parameters
Pitzer’s equation.

Gibbs energy (extensive).
Excess Gibbs energy of a solution
(extensive).

Standard-state molar Gibbs energy
of the solvent and the solute, re-
spectively.

Standard-state molar Gibbs energy
of a crystalline phase.
Standard-state molar Gibbs energy
of the solvent gas phase.
Standard-state molar enthalpy of a
crystalline phase.

Ionic strength (I = 0.52mz?).
Apparent molar isentropic com-
pressibility.

1.0 kJmol %,

Relative apparent molar enthalpy.
Partial molar enthalpy of the sol-
vent.

for

Molar mass of the solvent,
18.0153 x 1073 kg-mol 2.
Molality.

1.0 molkg ™%

Reference molality.

Moles of the i’th substance.
Pressure.

1.0 MPa

Vapor pressure of pure water.



Dr

gex
o
m, cr

Slo, my Szo, m

TO

Ve
Va2
Vi a

V(m;)

s
© )
MX> PMX

AsGn

Aue G
AsolG aonhydmus
Asv:xl Ggibydrate
AtHg

At‘usjl}r‘

AalVy

THERMODYNAMIC PROPERTIES OF THE NaBr + H,O SYSTEM 511

Reference pressure; as a subscript
to a property it denotes that the
value of the property is that for the
reference pressure.

Gas constant, 83144 x 1073
kJ-mol ™.

Excess entropy of a solution
(extensive).

Standard-state molar entropy of a
crystalline phase.

Standard-state molar entropy of
the solvent and the solute.
Temperature.

10K

A reference temperature; as a sub-
script to a property it denotes that
the value of the property is that for
the reference temperature.

Speed of sound.

1.0 cm®mol ™.

Apparent molar volume.
Standard-state molar volume of
the solute.

Standard-state molar volume of a
crystalline phase.

Volume of a quantity of solution of
molality m, and containing 1 kg of
solvent.

The charges of ions M and X.

A constant in Pitzer’s equation,
chosen to be 2.0 kg"*mol "'~
Expansivity of a solution.
Isothermal compressibility.
Isentropic compressibility.
Ion-interaction parameters in
Pitzer’s ion interaction equation.
The standard-state molar Gibbs
energy change for formation from
the elements.

The standard-state molar Gibbs
energy change for decomposition
of a material.

The standard-state molar Gibbs
energy change for sofution of an
anhydrous solute.

The standard-state molar Gibbs
energy change for solution of a di-
hydrate solute.

The standard-state molar enthalpy
change for formation from the ele-
ments.

The difference in freezing point
temperature for a solvent from a
solution and the pure scivent.
The change in apparent molar vol-
ume for a change in molality.
Stoichiometric activity coefficient
of the solute.

Osmotic coefficient.

p Density.

p° 1.0 grem ™3,

v v+ vx

VM, VX The stoichiometric number of M
and X ions in the electrolyte
Moy Xox-

Vw Volume of one kg of water.

1. Introduction

Three equations were used to represent experimental
results for the NaBr + H;O system. These were: 1) the
equation of state for water given by Hill'; 2) an equation
for the change in chemical potential of NaBr(cr) as a
function of temperature and pressure; and 3) an equation
for the changes in chemical potentials for the aqueous so-
Iution. The equation for the change in chemical potential
of anhydrous NaBr, valid for the temperature range 200
to 900 K, was obtained from fitting heat-capacity, en-
thalpy-change, and density measurements, and is de-
scribed in Sec. 2. Section 3 gives an estimate of the molar
heat capacity for 298.15 K and 0.1 MPa for NaBr2H,O0.
The equation for the changes in chemical potentials with
respect to temperature, pressure, and molality for
NaBr(aq) was obtained from a global fit to selected val-
ues of thermodynamic measurements for the aqueous
system. The matrix of experimental values contained
measurements of volumetric properties, solvent activities,
enthalpy changes, heat capacities, and solubilities from
the solid phases. This equation and its agreement with ex-
perimental values is described in Sec. 4. Section 5 de-
scribes the thermodynamic properties for the
dehydration reaction of the dihydrate crystal.

2. Thermodynamic Properties of NaBr(cr)

The equations for the heat capacity of anhydrous NaBr
given by Pankratz’ and by Kelley® did not appcar to be
satisfactory for the purpose of calculating the solubility
equilibrium for the present work. Kelley’s equation was
based on the enthalpy-increment measurements of Mag-
nus,* these being the only experimental results available.
Pankratz’s equation was obtained from a fit to the more
recent enthalpy-increment mecasurements of Gardner
and Taylor.? Extrapolation of Pankratz’s cquation to tem-
peratures less than 298.15 K showed a minimum in the
heat capacity. The tempceraiure of this minimum was cal-
culated to be 283.4 K. This minimum can be avoided by
inclusion of the heat-capacity results of Gardner and Tay-
lor® for the temperaturc region of interest.

In order to obtain an equation for the molar heat ca-
pacity of Nalsr{cr) valid for the range of temperature of
interest in the current work, an equation of the form:

C/? m, NaBr(er) = & + bT + CT_Z (1)

¢ @, b, and ¢ were adjustable parameters, was fitted
io the heai-capacity and enthalpy-increment measure-

J. Phys. Chem. Ref. Data, Vol. 20, No. 3, 1991
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ments. The form of Eq. (1) for the enthalpy-increment
measurements was:

Hg, 1, NaBcery = Ha, 1, NaBr(er) =

a(T-T) + b(T? = TH2 - c(T™! -T7") @

where T and T; are the upper and lower temperatures of
the enthalpy-increment measurement. The heat-capacity
results® included in the fit spanned the temperature range
of 175 to 300 K. The enthalpy-increment results of Gard-
ner and Taylor® spanning the temperature range of 374 to
999 K (reference temperature, T,, = 273.15 K), as well as
the four enthalpy-drop results reported by Magnus® (ref-
erence temperature = 290 K) were aiso included in the
fit.

In order to assess the accuracy of the heat-capacity re-
sults of Gardner and Taylor the following comparisons
were made. A plot of the difference of Gardner and Tay-
lor’s heat-capacity results from those of Berg and Mor-
rison,” for Nal(cr), was made. Overlayed on this plot were
the differences between Morrison and Patterson’s® and
Ginnings and Furukawa’s® heat-capacity results for the
Calorimetry Conference sample of aluminum oxide; the
two sets of Morrison’s results were obtained with approx-
imately the same calorimeter. This plot indicated agree-
ment of the three sets within 0.2% to 0.4% from 80 to
255 K. The pattern of the difference of Gardner and Tay-
lor’s results from those of Morrison is similar to that of
the difference between Ginnings and Furukawa’s results
and those of Morrison. Birch et al.'® measured the heat
capacity of NaBr(cr) for temperatures below 20 K; these
values were in good agreement with Gardner and Tay-
lor’s heat capacities. It was assumed that the uncertainty
of Gardner and Taylor’s heat-capacity calorimetric
method was 0.2% for the temperature region of the val-
ues included in the data fit. The agreement of Birch et
al.’s and Gardner and Taylor’s low-temperature heat ca-
pacities, combined with the observation that Sy, . is only
1.46 J-K~"mol ! for 20 K,® indicates that little significant
change of the 298.15 K value for S5, . given by Gardner
and Taylor (86.82 J-K~mol =) would be obtained from a
re-evaluation of the low-temperature heat-capacity re-
sults (for example, a one percent difference in the heat-
capacity results for temperatures less than 20 K alters the
298.15 K heat-capacity value by 0.02 J-K~"mol ™, signifi-
cantly less than the uncertainty in the value). Thus, Gard-
ner and Taylor’s value of Sg, « for 298.15 K was used for
the present work.

The temperature dependence of the heat capacities
calculated from Gardner and Taylor’s enthalpy-incre-
ment measurements, as either the average heat capacities
or calculated from a fitted equation, e.g. values in Gard-
ner and Taylor’s Table 2,° did not agree with the temper-
ature dependence of their heat-capacity results. The
difference between these two sets of results corre-
sponded to a systematic error of 0.4% in either the en-
thalpy-increment results or in the heat-capacity results,
but not both. An average heat capacity from 372 to 290 K
calculated from Magnus’ enthalpy-increment results did

DONALD G. ARCHER

show good agreement with the temperature dependence
of the measured heat capacities. On the basis of this com-
parison the uncertainty assigned to Magnus’ results was
1.0% and that assigned to Gardner and Taylor’s en-
thalpy-increment results was 3%. This latter value was
somewhat larger than the actual inaccuracy of their mea-
surements and was chosen in order that the larger num-
ber of experimental points did not cause undue skewing
of the fitted curve in the region where the more accurate
experimental results existed. Weighting factors for
Eq. (1) were calculated from these estimates of uncer-
tainty. The least-squares estimated parameters for
Eq. (1) are given in Table 1. The weighted residuals from
the fit are shown in Fig. 1.

The 0.1 MPa molar volumes of NaBr(cr), from 273.15
to 323.19 K, reported by Baxter and Wallace!! were fitted
with the equation:

Vaye,p.=d + eT . 3)

The parameters 4 and e are given in Table 1. The com-
pressibility of NaBr(cr) is small in the temperature range
of interest here and was not included in the equation for
the molar Gibbs energy of the anhydrous crystal.

The equation for the molar Gibbs energy of NaBr(cr)
is:

T
G:,, o = G,;, er, Tppe ™ (T— Tr) S:,, TPy + j C,: m, cr, pp dT -

T,

T P
7 (Gl THT + [V conp @
T Pr

where 7; and p. were chosen as 298.15 K and 0.1 MPa.
Gn, o, 7,,p, is nOt experimentally accessible. The thermody-
namic properties for formation (AGn, Adgm) of both
NaBr(cr) and NaBr-2H;O (cr) for 298.15 K, 0.1 MPa are

discussed in a subsequent section.

TaBLE 1. Least-squares estimated parameters for Egs. (1, 3)

Parameter Value
a 48.332 J’K~*mol~}
b 1.3684 x 102 J-K~2mol ~*
c —90.4026 % 10* J-K:mol ~!
d 30.963 cm*mol !
e 3.877x1072 cm*K ' mol !

3. Thermodynamic Properties
of NaBr-2H.O(cr)

There are few accurate measurements of the thermo-
dynamic properties of NaBr-2H,O(cr). A value for
Cp. m, NaBr2i,0(cr) fOr 298.15 K, 0.1 MPa was estimated to be
138 J')K “mol~! by combining the value of Cg m,  for
NaBr(cr) with 87 J’K~"mol~’, an approximate value for
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Fii. 1. Weighted residuals from fitting Eq. (1) to the heat-capacity
and enthalpy-change measurements for NaBr(cr) against tem-

perature.

the heat capacity contribution for two waters of hydra-
tion.

This value was obtained by comparison with other elec-
trolytes. A value for Sz, 1,, p, NaBramo(r), Was determined
from fitting to the experimental solubilities of the dihy-
drate phase and other thermodynamic results for
NaBr(aq).

This result is discussed in detail in a later section.

4. Thermodynamic Properties of NaBr(aq)
4.1. Description of Equations

A modified form of the jon-interaction model of
Pitzer'? was used in the present work to express the ex-
cess thermodynamic properties of the solution. Descrip-
tion of Pitzer’s equation can be found elsewhere® and so
only sufficient exposition to allow the use of the present
equation is presented here. Pitzer’s equation for the ex-
cess Gibbs energy per kg of water, n,, is:

G 12
W RT = 4izpzxidoln(l + bIY?) +

2VMVx(m2BMX + mSVMZMCMX) &)
Bmx =

wx 2B [1 = (1 + oIPexp(—ad"))(T).  (6)
In Egs. (5, 6), B, Bitx, and Cux are adjustable parame-
ters (ion-interaction parameters) that are dependent on
temperature and pressure, zy and zy are the charges of
the cation and the anion, respectively, a and b were cho-
sen to be constants with the values 2.0 kg “mol~*? and 1.2

kg'*mol ™", respectively, vy and vx are the stoichiometric
numbers of cations and anions formed upon dissociation.
Ay is the Debye-Hiickel coefficient for the osmotic coeffi-
cient.

Occasionally it is found that Egs. (5, 6) do not give as
satisfactory a representation of experimental data as may
be desired. In such cases, additional terms of increasing
order in molality are often appended to Eq. (5), e.g.
Dwxm*, Emxm®, etc. When the properties of a high-order
polynomial are considered, one wonders if these high-
order molality functions are always the most useful solu-
tion to the problem. In the present work an alternate
modification of Pitzer’s equation was used.

For the reasons given for the ionic-strength depen-
dence of the second virial coefficient,”? an ionic-strength
dependence of the third virial coefficient is not unex-
pected. An ionic-strength dependence of the third virial
coefficient was assumed for the present work. For sim-
plicity, it was assumed that the functional form of the
ionic-strength dependence of the third virial cocfficient
was similar in nature to that for the second virial coeffi-
cient, for the osmotic coefficient. This assumption results
in an ionic-strength dependent Cwux that is expressed for
the present work as:

Cux = Gk + 4CHk
[6—(6+60d 2+ 30271 + o’ 1*P)exp(— ad )21,  (7)
where C{% and C{}) are adjustable parameters, depen-
dent on temperature and pressure. The ionic-strength de-
pendence of the third virial coefficient improves the
quality of fit for NaBr(aq), the present work, and also for

J. Phys. Chem. Ref. Data, Vol. 20, No. 3, 1991
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NaCl(aq) and Na,;SO.(aq), as yet unpublished work. For
NaCl(aq), optimum values of a; were found to be near 2
kg'”mol 4, the same as the value of « in Eq. (6). Thus
we take a; in Eq. (7), and throughout the remainder of
this work, to be the same as « in Eq. (6).

The excess Gibbs energy, G, is related to the Gibbs
energy of the solution, G, as:

G*™ = G -G8, 1~ G, 2+ RTvny(1—1In m/m®) ®)

where n; and n; are the number of moles of solvent and
solute, respectively, m is the stoichiometric molality, z is
the number of ions formed upon complete dissociation of
the electrolyte and m is 1.0 mol-kg™'. The standard-state
molar Gibbs energy for solvent and solute are G5, and
Gr. 2, respectively. The standard states were chosen to be
pure liquid for the solvent and the hypothetical one molal
ideal solution for the solute, at the temperature and pres-
sure of interest, rather than at the temperature of interest
and an arbitrary pressure. The Debye-Hiickel coefficients
used in the present work were calculated from the equa-
tion of state for water of Hill,' the dielectric-constant
equation of Archer and Wang," and the definitions given
by Bradley and Pitzer.”

Appropriate differentiation of Eq. (5) leads to the os-
motic coetticient, ¢, and the stoichiometric activity coef-
ficient, y.,:

¢ -1=

12

2
~twzxde T + M

(B + Bk exp)(-ar®))+

2,
m2 0% (00 4 CR exp(~al™) ©)

2 1n
2 In(1+b1 ) +

Il/2
Iny. = -IZMZxM¢(W +

2 B(ﬂ)

m 2
2VMVX{ 2Bmx [1 _ (1+a]"‘—22—1)exp(—a1”2)]}

3C% + 4CHk [6-(6+ 6™ + 30 +

+m? 2unvxZm {
v

P — exp(-alAY(T)). (10

The relative apparent molar enthalpy, L, is:

L¢=vIzszlAH1n(1 + blm)/% -

2oMmyxRTY(mBax + m*vmzmCiix) (1
where:
) o)
Bl = ( Bx) 4 o
[1- (1 + I *)exp(~ oI V)2l (12)
L _ (9Ck (aC‘”
CM"—(aT) +4 aT)

(6 — (6 + 6aI' + 303 + I*)exp(—al DY(?) (13)
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and where Ay is the Debye-Hiickel coefficient for appar-
ent molar enthalpy The constant-pressure apparent mo-
lar heat capacity, G, 4, is:

G o= CSm2 + viemzxidcin (1 + bI)/2b

— 2umvxRTA (mBSx+ mAvmzmCiix) (14
where:
o (P8, 2(9Blk
BM"'(aTZ) + T( aT),

+2{(F), + 353}

[1-(1+ I P)exp(— ol ) Yot 15)
ER O 2(0CEk
( oT* ),,+ T( aT )

~+{(TH), « 2265 )

[6—(6+6ad'? + 3zl + ’I*?)exp(—al'?))(a'l?) (16)

C
CMX -

and where A¢ is the Debye-Hiickel coefficient for appar-
ent molar heat capacity and C; n, 2 is the standard-state
molar heat capacity of the solute. The apparent molar
volume of a solution, Vj, is:

V¢= Va2 + vleleAyln(l + bllﬂ)/Qb +

2uyxRT(MBYix + m2pzmCrix) 17
where:
_ (2B Bl
B = (B) 4+ 2(%8)
[1-(1+ oI )exp(—al2))/e?l (18)
_ [9CX 9CKk
Cx = ( ap )r+4( ap )r

[6—(6+ 6012+ 30 +a*I*)exp(—al D('I?)  (19)

and where Ay is the Debye-Hiickel coefficient for appar-
ent molar volume and V3, » is the standard-state volume
of the solute.

In order to avoid the complex temperature and pres-
sure behavior of Vy, 2 and Cp m, 2, Egs. (17, 14) were rewrit-
ten, following, in part, the example of Rogers and
Pitzer.'® The analogous equation for a reference molality
was subtracted from the appropriate equation for the mo-
lality of interest to obtain, in the case of Vi,

Vi = Vo, me + vizszxdyIn{(1 + BIY2)/(1+bIr"))y2b
+2upvxRT{(m —m)Bx + (m2—mAvznClix} (20

where m; is the chosen reference molality and I, Vg, m,
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are the ionic strength and the apparent molar volume
that correspond to m;, respectively. Vs, m has a less ex-
treme temperature and pressure dependence than does
V3, 2, however, this temperature and pressure depen-
dence may be reduced further by rewriting Eq. (20) as:

Vi + vwlne =V (o) |
vizszxlAyIn{(1+bI"2)/(1 + bI,"*)}/2b +
2umvxRT{(m —m,)BY¥x + (m? —mP)vaznCiix} (21)

where vy is the volume of 1 kg of water, V(m;) is the vol-
ume of a quantity of solution of molality m. which con-
tains 1 kg of water and n, is the number of moles of solute
in this quantity of solution. This rearrangement requires
the definition of the apparent molar property, which is:

X, = X — nXa 22)

n2
where X is the measured praperty for a quantity of soln-
tion containing n, moles of solvent and n; moles of solute.
X (m.) is the desired slowly changing function, if m; is cho-
sen to be sufficiently large. In the present work m; was
chosen to be 6 molkg™'. Equations similar to Eq. (21)
may be written for the other apparent molar properties.
The analogous equation for apparent molar heat capacity
is:
Cp o+ Cp, wine = Cp(my)in, +

vizmzxcIn{(1 + bFY)/(1 + bIYH)}2b —
2vaxRT2{(m - m,)Bﬁx+(m2 - m,Z)VMZMCﬁx) (23)

where C, (m;) is the heat capacity of a quantity of solution
containing one kg of solvent at the desired temperature
and pressure and ¢, w is the heat capacity of one kg of
water. The pressure dependence of C,(m;)/n is con-
tained in V(m:)/n. and so the only additional variable
parameters introduced were those which described the
behavior of C,(m;)/n, along an isobar. This isobar was
chosen to be 0.1 MPa; other choices had little cffect on
the overall quality of fit. C, (m.)/n, along this 0.1 MPa iso-
bar will be referred to as G, , (m:)/n:

The partial molar Gibbs energy of the solute in its stan-
dard state at temperature T and pressure p, G, 2, 7,p, Mmay
be written in terms of the above equations as:

-]
i‘lle, 1,T,,p,—n16r;,l,T|p +

GI?I,ZT,[): = G:\,ZT‘.,[), +

e
G& pom—GFom, _
Ny
(T—-T,)(S-_?, o TP, + St m, T, P, + S%‘npnm,) _
e n
T T »
Tf—;—i J Cp., p{m)fn, AT AT + | V(m,)/n; dp 24)
e % P
where:
e aGE
STr-Pr = —(—8—2‘7"&) . (25)

T, and p, were chosen to be 298.15 K and 0.1 MPa, re-
spectively. The values of S{ m, 1, p, and S35 m r, p, Were
taken from Cox et al.' to be 69.95 and 141.0 J'-K~"mol !,
respectively. Cox ef al.’s value for S n, T, p, for NaBr(aq)
was obtained from a global fit to available data for several
aqueous electrolytes, with the parameters being the ther-
modynamic properties of the individual ions. Thus, the
Cox et al, value for §3 n, 1, p, Was considered immutable
for the present work.

The equations describing the solubility of the anhy-
drous and dihydrate solid phases are:

Asal Gaonhydrous =

GI:,Z - G:L cr, anhydrous = "ZRTln(msyi. S) (26)
and
AsolG:lJihydrale = Gr:,z + 2Gg\,l - Gr?l. cr, dihydrate =

~2RTIn(msy=+,s) — 2RTIn a.,s . 27

where Gg, 2, Gn 1, and Gp, o, are the molar Gibbs energies
for the solite, the pure liquid, and the ith crystal phase all
at a given T and p, respectively, A G is the standard-
state molar Gibbs energy for the solution process of the
ith crystal phase and m;, vy, s and ay, s are the saturation
molality, the mean stoichiometric activity coefficient for
the solute at saturation, and the activity of water for the
saturation molality, respectively. Of course, Gy, 2, Ga 1
and G, r,i cannol be evaluated and so Egs. (26, 27) were
rewritten as:

BadGabyitions, 7 = DstGltarons, 7, + {G 27 — Gluniz, } —
{Ga, cr, anbydrous, T — G, cx, anhydrous, T, } = —2RTIn(msy=,s) (28)
and

A5t Giydrate, T = Bsol Gdihyarate, 7, + {Gd 2,7 — G2, 1} —
{G3, o, ditydrate, 7 — G, cr, dibydrate, 7of + 2{Go 1,7 = Ga1, Ti } =
—2RTIn(mgy=,s) — 2RTIn ay, s (29)
The first braced term of Egs. (28, 29) was obtained
from Eq. (24), the second braced term of Eq. (28) was
obtained from Eq. (4), the third braced term of 1iq. (29)

was obtained from the equation of Hill." The sccond
braced term of Eq. (29) was expressed as:

{G:\, cr, dihydrate, T ™ G:\, cr, dihydrate, “l',} =
- (T - Tr) Sr(r,:, cr, dihydiate, 7', !
138 K mol=Y(T = T\) - TIn(T/1))} (30)

Solubility measurements were included in the global
data fit. The two Gibbs cncrgics of solution at the refer-
ence temperature, T,, and relerence pressure, pr, were

treated as adjustable parameters, as was S, o, dinydrate, 7, py-
In addition, the cxperimental solubility results contribute
to the determination of the parameters for the excess
Gibbs energy for the solution through Eq. (24).
For the dehydration reaction :
MaBe20Ed ey = HaBr(er) + 2Ha0(g) , (31)



516

the Gibbs energy of reaction for 298.15 K and 0.1 MPa,
per mole of H>0, is:

AgecGm, Topr =
(Af Gaonhydrous, Ty Py + 2Af Gl?izO(g), TPy — Af Gc?ihydrale, Ty pr)/ 2 (32)

where AtGanydrous, 7, p, @NA A;tGinydrate, 7, p, aT€ the stan-
dard-state Gibbs energies of formation of the anhydrous
and dihydrate sodium bromide phases at T: and p.. The
standard-state Gibbs energy of formation of H.O at T
and p:, A¢Gu,0(), T, p,, Was taken from Cox et al. At any
given temperature, the Gibbs energy of decomposition,
Adct:Gm. T, pps iS H

Adech, T.pe = AdccGM. Ty Pr + (S;, H20(g), Ty, Py +

O-SS&, anhydrous, Ty, py — O-SS::\, dihydrate, 7'y, p,)(Tr - T) +

T

I (C;, m, H20(g), py + O.SC;, m, anhydrous, py ™ 05C;: m, dihydrate, p,)dT

Ty
T

- TJ (CP, o, 1100, pp + 05Cp m, anhydcons, pp =
T

O.SC,: m, dihydrale,p,) / T dT)’ (33)

again per mole of water. The heat capacities and en-
tropies for Eq. (33) have been referred to previously. The
vapor pressures of water over the dihydrate solid, from
283.15 to 323.75 K were converted to fugacities and in-
cluded in the global data fit.

Marshall and coauthors' have demonstrated the ad-
vantage of representing the equilibrium constant for ion
association for supercritical temperatures as a function of
both solvent density and temperature. Archer” extended
this approach to temperatures below the solvent critical
temperature by representing the excess properties for
HCl(aq) for temperatures from ambient to near-critical
with an equilibrium model, in which the equilibrium con-
stant was expressed as a function of temperature and sol-
vent density. Subsequently, Holmes et al.®® adapted this
approach to the ion-interaction equation in their repre-
sentation of the experimental results for HCl(aq) by
means of an ion-interaction equation in which the
parameters were given as a function of solvent density
and temperature. The experimental results considered by
Holmes et al. for HCl(aq) did not include much volumet-
ric data, other than those which were, in principle, deriv-
able from the pressure dependence of their enthalpies of
dilution. The present work expands on this approach.

A significantly larger range of experimental results that
defined the pressure dependence of the excess Gibbs en-
ergy existed for NaBr(aq) than for HCl(aq) and so the
present case provides a better test of the effectiveness of
describing the ion-interaction parameters as functions of
temperature and solvent density. The ion-interaction
parameters for the excess Gibbs energy for NaBr(aq)
were expressed as:

J. Phys. Chem. Ref. Data, Vol. 20, No. 3, 1991
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B8O = [b11 + bifT—THYT° + bis{(T-T)ITP +
b1aT°/(T =225 K) + by sT°/(T ~647K) + b6T°/T +
by AT T =225 K)P + bigplp® + biopT/(p°T°) +
biaopT(p°T%) + brupTHp°(T —225 K)} +
b1,12pT°/(T — 647 K) + by13pYp” +
br1sp®TH(T%%%) + b1asp®To{p°%(T —225 K)} +
by16p’/p’)im° (34)

Bk = [bas + baa(T=TYT® + bas{(T =TT +
basTI(T — 225 K) + basT*/(T — 647 K) +
by T°IT +byr{T/(T —225 K)P + basplp® +
baopT/(p°T°) +b210pTH(p°T?) +b211pT°/
{0°(T =225 K)} +b2,12pT°/(T - 647 K) + b213p¥p" +
b214p?TI(T°p™) +b2asp?T°H{p (T —225 K)} +
bz,nsps/ p°3]/m ° (35 )

CS) = [bs1 + bsa(T — TT + bas{(T — TYTP +
b T°/(T — 225 K) + b3sT/(T — 647K) +
basTT + bsA{T/(T —225 K)F + bssplp® +
byopTHp°T®) + b3.100T/(0°T)) + b311pT°/
{p°(T =225 K)} + b312pT%/(T — 647K) +
b313p%/p°* + b314p®T/(T°p°%) + b3psp*T°/
T =225 K)} + bsao¥lo™Yim (36)

CHk = [bag + baa(T—TYT° + bas{(T~THTY +
by T°/(T —-225 K) + bssT°/(T—-647 K) +
baeT®/T + barAT/(T —225 K)F + basplp® +
bagpT/(p°T®) + ba1opT/(p°T?) + banpT?/
{p°(T—225 K)} + b4,12pT°/ (T—647 K) +
ba13p*p™? + banap®T/(Tp%%) + bassp’T°/
{p°(T -225 K)} + baneplp™Ym (37

where T is 1.0 K, p° is 1.0 gem™* and m is 1.0 molkg™".
V(m.)/n. and C,(m;)/n. were taken as functions of T and
p as:

V(min: = [bsy + bsaplp® + bssT/(300 T°) +
bsa(plp®)? + bss{T/(300 T°)f + bsepl]
(p300T%) + bspTHp°(300 T} +
bs,gpzT/(p"23OOT) + bs,g{T/(300T°)}3 +
bs10{Tp/(300Tp°YIV° (38)

Cp(m)in: = {be1 + be2TIT® + bes(T/T °) +
be(T°IT) — 2bss(p —p)T/(p°300°T*) ~
bs T (2 =p2)(p*300°T°) — 6bso(T/T°)?
(p —P)/(p°300%) — 2bs1o(T/T°)p*~pc)
(3p°300)]ICp (39)

where V°is 1.0 cm*mol~?, C; is 1.0 kJ'mol K™, p°is 1.0
MPa. The functions of Egs. (34-39) were scaled so that
all of the least-squares estimated parameters would be of
the same order of magnitude.
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The least-squares estimated parameters, b; ;, are found
in Table 2. The absence of a value for a particular b;,;
from Table 2 indicates that it was not used in the final
least-squares procedure. The equation for the partial mo-
lar Gibbs energy of the solute has explicit variables T, p,
and p.

4.2. Agreement with Experimental Results
for NaBr(aq)

Reported experimental results were reduced to forms
which were a compromise between values that were as
close to the actually measured experimental quantity as
possible and convenience. This reduction was used so as
to remove the influence of changes in the properties of
water on the input data set (i.e. the effect of a water
property on the calculation of an apparent molar prop-
erty, the effect of a water property on calibration of an
instrument, etc.) and to simplify the weighting of experi-
mental results. At the time the least-squares procedure
was executed these experimental values were converted
into the appropriate quantity for fitting and a weighting
factor was calculated from the expected experimental er-
ror for the actual measurement. As an example, consider

the case of experimental density results obtained with a
pycnometer. A pycnometer is calibrated with a fluid of
known density; in the case of aqueous solutions the
choice of calibrating fluid is usually water. Rather than
record the reported values of either the apparent molar
volume or the density of the solution, the value of the
density of solution divided by the density of water (pw as
reported by the original investigator), pJ/p«, was stored in
the data base. (Simple rearrangement of the equations
used for both the calibration of the pycnometric vessel
and the subsequent determination of the solution density
shows that the quantity pJ/pw is the direct result of the ex-
perimental observations, i.e. the weighings.) The fitting
program calculated the apparent molar volume from the
value of pJpw using the p. calculated from the chosen
equation of state for water. The experimental uncertainty
in apparent molar volume was also calculated from the
expected uncertainty in p/pyw. In this way, the value to be
fitted was free from uncertainties due to the difference in
the investigators’choice of water density and that calcu-
lated from the presently chosen equation of state for wa-
ter, as well as the change in definition of the liter and
changes in atomic weights.

TapLE 2. Least-squares estimated parameters for Eqs. (28-30, 34.-39)

Parameter Value Parameter Value Paramcter Value*
by 1.71530582184808 b2y U3,y —5.10439487733469 x 102
bis  —1.73252346455901 x 103 ba2 6.91694564546029 x 103 baz 5.43671292746595 x 10~3
bis b,z  —2.36002542074249 % 106 bas
b4 —7.12047951860816 x 10 bza bsa 5.85950490319896
bys bys bss
bis  —1.06149855919480 x 10? b2 bsg 2.67503166447214
by by;  —4.32670425215971x 1073 bssy
by —3.17819715551732 bay 2.08920730994785 bag 4.74961164927853x 10~ *
127 b2o — 5.94507937562393x 102 b3g
b1y 1.11014863667444 x 10~¢ ba1o b3
brat 1.03396881250985 x 10° ban bs —8.25906888284215
b1z ~—35.03344509639110 barz b3 12 3.38335601272359x 10~}
bz 2.92477266480196 b3 bass
b b21a b3a ~3.43893892665741 x 10~°
bias  —3.48635153871965 x 10* bass bas 2.55121785563878
biis —10.1862025333775x 10! bss6 bs16
by bs, 1.74722236351206 X 10~* A1 Gantydrous, Trpe  — 17.006 £0.029 kJ-mol™!
bsa bsa  —1.05498649133375 x 10~ B Ginydrate, Topy  — 11.881£0.022 kJ-mol !
b3 4.49429821594186 x 10~ 7 bs2 1.68973227859952 x 1072 S, cr, dinydrate, e, p,~ 177.66 0.5 JK~'mol !
bsa  —1.98475043408448 bsa
bys 1.14947024443337 x 10! bss  —2.38299260480859 % 103
bss  —4.15575163219869 x 10! bsg 1.28774220130067 x 104
by 2.98484853131687 x'10° bs;  —7.83136107954372x 105
b4)3 b5.8
bag bso 5.58947543213706 < 103
bs10 bs0 4.77254889781834 x 10~®
by be.y 2.02845536497279
bayz bea  —3.87815647610758 x 103
byys b3 3.68379636925015 X 10~
bars bea  —1.37650520324255 x 10
baas T: 298.15 K
ba 6 Dr 0.1 MPa

* The + values are 95% confidence intervals within the global data representation.

J. Phys. Chem. Ref. Daia, Yol ¢ i il
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water, as well as the change in definition of the liter and
changes in atomic weights.

With occasional exceptions, weighting factors were de-
fined as the inverse of the square of the expected error in
the measurement (1/oep)’. Exceptions to this are de-
scribed in the text. Explanations of the differences of the
experimental uncertainties used in this work from those
described by the investigators are described in the text.

4.2.1. Volumetric Properties

Volumetric results included in the data representation
for NaBr(aq) spanned the temperature and pressure
ranges of 273.15 to 623.15 K and from near the vapor
pressure of water to 150 MPa. A list of the volumetric re-
sults considered for the global data fit is given in Table 3.

Samples of NaBr obtained from chemical-supply
houses usually contain some small amount of chloride im-
purity. The chloride impurity cannot be removed by re-
crystallization from water. Indeed, recrystallization from

DONALD G. ARCHER

water increases the concentration of chloride in the pre-
cipitate.” Gibson and Loeffler” showed that repeated re-
crystallization of NaBr from water created significant
errors in the observed density of concentrated solutions
and that this error became larger with each recrystalliza-
tion. They also showed that repeated recrystallization of
NaBr from aqueous hydrobromic acid yielded a sample of
NaBr of which the density of aqueous solutions did not
change with repeated recrystallization. Despite these re-
sults, some of the literature references to density mea-
surements described their NaBr(cr) as having beer
repeatedly recrystallized from water. When all othes
things were equal, experimental volumetric results ob-
tained from recrystallized samples of NaBr(cr) were
given significantly smaller weights for the least-squares
procedure.

The reported experimental volumetric measurements
for NaBr(aq) were classified in one of five different cate-
gories. Pycnometric and other results in which a calibra-
tion with a single reference fluid (water) was performed

TABLE 3. Literature sources for the volumetric properties of NaBr(aq)

Temperatire Pressure Molality
Ref. Range Range® Range n Type Cest® [
(X) (MPa) (molkg™")

21 298.15 0.1 ms 2 P/Pw 550x10-¢ 1243x1076¢
22 298.15 0.1 0.006 - 1.0 9 pJpw 40x10-° 18x10-6¢
23 298.15 0.1 0.16 - 6.65 40 AasVy 0.05-0.015 0.014¢

24 298.15 0.1 0.1 - 0.47 6 Ps/Pw 50x10-¢ 19x10-6¢
25 298.15 0.1 0.06 - 0.54 10 Ps—Pw 5%x107%,0.1% 38x10-6f
26 298.15 0.1 0.05-1.8 15 Ve 0.1- 0.02 0.026 &

27 298.15 0.1 0.6 -4.0 3 Ps— Pw 5%107¢, 0.1% 17x10-6¢
28 298.15 0.1 0.68 - 8.38 6 ps /pw 400x10-¢ 518x10-6¢
29 298.15 0.1 01-10 10 Ps— Pw 5x107%,0.1% 24x10-6f
30 298.15 0.1 0.35 - 4.36 8 Ps 400x 10-¢ 192x10-¢¢
31 298.15 0.1 1.0-834 9 Ps—Pw 8) 4100x10~%¢
32 273.15 - 343.34 0.1 0.28 - 6.65 20 p/Pw 40x10-¢ 118x10-6¢
33 273.15 - 348.59 0.1 m; 10 Ps/Pw 1.0x10-3 1.3x1073¢
34 298.15 - 318.15 0.1 12-52 10 p/pw 40x10-¢ 76x10%"
3536 298.15-358.15 0.1-100 0.5-17.74 175 Py/Pw 40x 106 53x10-6¢
37 298 - 623 ** - 150 0.20 - 7.95 429 vy 3-5%10-3 39x10-3
38 293.15 - 363.15 0.1 0.10 - 6.48 36 Ps 02 ~ 20x10-3 0.64x1073¢
39 288.15 - 328.15 0.1 0.05 - 8.0 81 PP 0.1% 215% 1061
40 298.15 0.1-40 0.05 - 4.97 40 Ps = Pw U 799x106¢
41 321.7 - 549.8 » .32 0.05 - 3.03 174 Ps—pw k 511x10-6¢

2 ** indicates that the lowest pressure for the data set changed with the experimental temperature.
b The letter U indicates that these points were given an insignificant weight in the least-squares procedure.

¢ Units are grem ™3,

9 Units are gem ™2, Lowest molality point was given an insignificant weight in the least-squares procedure, it has been included in

Trite

¢ Units are cm*mol~*. Dilutions from 6.65 molkg™! oes, = 0.05 cm*mol~*, dilutions from 2.11 and 1.84 mol'kg™! gex, = 0.015
cm®mol~!, dilutions from 1.22 molkg™! 0y = 0.018 cm*mol L.

f Units are gem ™3, Data were weighted as the larger of 5% 107% cm®mol~! or 0.1% of p.—pu.

& Units are cm™mol !, Expected uncertainties ranged from 0.1 cm*mol~? for 0.05 molkg~! to 0.02 cm®mol ! for 0.6 molkg~! and

larger.

" Units are g-cm™?, lowest molality for 298.15 K given an insignificant weight in the least-squares procedure, og does not contain

the residual for this point.

i Units are cm>g™". Results for temperatures less than 373.15 K gep = 3000x107% cm*g ™!, 0crp = 5000 % 10~¢ cm*g~* for tem-

peratures greater than 373.15 K.

i Units are gem™3, Data were weighted as 0, = 0.1% of py—py .

¥ Weighted according to the oex, given in Ref. 41.

J. Phys. Chem. Ref. Data, Vol. 20, No. 3, 1991
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were recorded as the ratio of solution density to water
density, ps/pw, where the water density value was that re-
ported as having been used in the calibration of the ap-
paratus. Vibrating-tube densimeter and magnetic-float
densimeter results were used as the difference in density
between solution and water, ps— pw. Vibrating-tube den-
simeters require a calibration with two reference fluids of
known densities and so are not as amenable to reduction
as pycnometric results. Results from vibrating-tube den-
simeters, including those designed for operation at near-
ambient conditions, are subject to systematic errors in the
calibration constant. These errors appear to be depen-
dent on the choice of calibrating fluid. For example, a fig-
ure in the operating manual for the Sodev densimeter®
shows calibration constants obtained with different refer-
ence fluids; the calibration constants varied by approxi-
matcly 0.1%. Another possiblc source of systcmatic crror
in results obtained from vibrating-tube densimeters may
arise from adsorption of solute on the walls of the den-
simeter tube. Indications of adsorption effects for vibrat-

ing-tube densimeters, as well as methods which may be
used to correct for such effects, have been reported by
Archer et al.® for aquecus surfactanits and by Majer
etal.® for aqueous electrolytes. Thus, the potentially
lower accuracy of these instruments, for concenirated so-
Iutions, does not warrant reduction of these values for
water calibration errors. Values obtained by means of o
dilatometer are the change in volume for a given change
in concentration and were described as AV, These val-
ues were treated in the same way as enthalpy of diluiion
values, AauLs. Values of ¥, and ps for which insufficient
information existed with which to reduce these vahues to
their experimentally measured quantities were recorded
as such. These values were usually, but not always, given
lesser weight for the least-squares procedure.

Figure 2 shows the difference between V), calculated
from the fittcd cquation and valucs reported in the liter-
ature or calculated from volumetric measurements re-
ported in the literature for 298.15 K and 0.1 MPa. The
pe— pw values of Grzybowski and Atkinson™ showed very

ale.) / (cm® mol17™?)
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Comparison of values of difference in density between solution and water,

ps— pw, against pressure for 298.15 K The solid lines were calculated from the

global fit.

large disagreement with the other values and thus were
given no significant weight in the least-squares proce-
dure. It is also noted that not all of the V;, values given by
Grzybowski and Atkinson could be calculated from their
reported values of p;— pw, the difference being as large as
9 cm®mol™! in one case. Grzybowski and Atkinson did
not discuss the disagreement of their values with the ear-
lier literature values.

Figure 3 shows ps~ pw for 4.972 molkg™' NaBr(aq) re-
ported by Gates and Wood* and values calculated for
5.131 molkg™! NaBr(aq) from the pJpw of Gibson and
Loeffler,* both for 298.15 K. The pressure dependence
of Gates and Wood’s ps — pw was somewhat different from
that of Gibson and Loeffler’s measurements. For 0.101
MPa, Gates and Wood’s values agreed with the remain-
der of the literature values within their experimental un-
certainties. Differences occurred for increasing molality
and pressures greater than 10 MPa; the largest difference
was approximately four to five times larger than Gates
and Wood’s estimated uncertainty. Because other exper-
imental results exist for the region of conditions consid-
ered by Gates and Wood, their results were given an
insignificant weight in the least-squares procedure.

The root-mean-square (r.m.s.) error for Majer et al ’s*
results was 511x107% g«cm >, In the region of tempera-
ture in which there was an overlap of the results of Majer
et al. with those of Gibson and Loeffler*®, there also ap-
peared to be a systematic difference for pressures signif-
icantly removed from ambient. The average weighted
error for some of Majer’s sets of measurements were:
—0.005 for 321.7 K and 0.8 MPa; —1.6 for 321.7 K and

J. Phys. Chem. Ref. Data, Vol. 20, No. 3, 1991

32.2 MPa; —1.47 for 347.6 K and 0.8 MPa; and —3.3 for
347.6 K and 32.5 MPa. These values® showed that there
existed a discrepancy of the pressure dependence of Ma-
jer’s results from those of Gibson and Loeffler’s and that
the sign of this discrepancy was the same as that observed
for the difference between Gates and Wood’s® values
from Gibson and Loeffler’s. Additionally, the value of
this difference was approximately the same for both sets
and not strongly dependent on temperature between 298
and 358 K. The densimeter used by Majer et al. was sim-
ilar to that of Gates and Wood. Majer’s densimeter was
calibrated with H;O, D,0, and occasionally N,, whereas
Gates and Wood used H20 and N, Both methods of cal-
ibrating did not detect this 0.4% discrepancy in the pres-
sure dependence of the calibrations and so the difference
between the vibrating-tube densimeter results and those
from the compression apparatus was perplexing. Similar
differences were not found for NaCl(aq). Although there
existed this difference for NaBr(aq), it must be observed
that it was a percentage error in p;— pw, not in p,, and so
for low concentrations the vibrating-tube apparatus still
yielded ps—pw results which were orders of magnitude
more accurate than those obtained with conventional
high-temperature PVT methods. The r.m.s. error for

® (Crudely speaking, the average weighted error should be zero if the
source of error is random and the sample is sufficiently large, a
nonzero value between 1 and —1 is indicative of a systematic erroz
that falls within the estimated standard error of the measurements,
absolute values of the average weighted error larger than 1 indicate a
systematic error larger than the estimated standard error of the mea-
surements.)
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Egorov ez al.’s results was 3900 x 10™¢ grem ™

within their stated uncertainties.

There does not exist a thermodynamic relation be-
tween the speed of sound in a solution and the isentropic
compressibility, Bs. If absorption of the propagated wave
is small for the selected frequency and other uncertain-
ties are also small,'” then the isentropic compressibility
can be approximated as:

, which was

1

2

Bs = (40)

u” ps

where u is the speed of sound. The isentropic compress-
ibility is related to the isothermal compressibility, §, as:

a’T
B =Bs + psCps

where a. and ¢, « are the expansivity and the specific heat
capacity of the solution. Figure 4 shows a comparison of
the isentropic compressibility calculated from the fitted
equation and that calculated from reported speeds of
sound for 298.15 K.**' The values calculated from
Millero ez al.’s resuits showed an r.m.s. difference from
the fitted equation of 1.1 x107% MPa~!. This difference
was significantly greatcr than Millero’s cstimated uncoer-
tainty in Bs of 2x 1078 MPa~1,% however it was satisfac-
tory for the purpose of this work. The difference between
Millero et al.’s 1.000 mol-kg™! Bs value and Grzybowski
and Atkinson’s 1.000 mol'kg™' Bs value was approxi-
mately 2.0x107% MPa~! , which was also significantly
greater than 2x 1078 MPa™'. In any case, the largest dif-
ference of the isentropic compressibilities calculated
from the speed-of-sound measurements from those cal-

(41

culated from the present equation was only 3%. This is an
acceptable level of agreement. The value of the apparent
molar isentropic compressibility for infinite dilution, K3 s,
for 298.15 K and 0.1 MPa calculated from the fitied equa-
tion, —38.4 m>mol "MPa~' was in reasonable agree-
ment with the literature values of —40.7
m*mol *MPa™¥ —41.8 m*mol “MPa~l?® -42.8
m*mol~"MPa~',® the literature values being uncertain
by 2 to 3 m*mol~*MPa~1%

4.2.2. Activity and Thermal Properties

A list of the solute and solvent activity, enthalpy of di-
lution and heat-capacity data sets considered for the
present work is given in Table 4. A significant portion of
the available data was excluded from the final least
squares fit. Most of these sets were excluded because of
incompatibilities with the remainder of the data sets.

It has not been possible to create an accurate and re-
versible sodium metal electrode for use in aqueous sys-
tems and thus the most reliably measured solute activity
coefficients for NaBr(aq} were those obtained by means
of bromide concentration cells. Concentration-cell mea-
surcments yicld the ratio of activity cocfficicnts of two so-
lutions, one for each concentration. Concentration-cell
results were thus stored in the data base as the ratio of
the two activity coefficients, yo/y;. The logarithm of yo/y:
was treated in the least-squares procedure as the differ-
ence in the logarithms of the activity coefficients for the
two molalities. Harned’s® and Harned and Crawford’s”
measurements appeared to be the most accurate of these
results. Tanner and Lamb™ reported differences of the

45
40
n
@©
a5 35
= L
™~ i
- 30 -
Q |
o L X
~ .
25 L ooocooGrzybowski & AtkinsonA\
L onona Millero et al. : .
L assss Gucker et al. @
[ .
20 { 1 ) i B T _ ! ! JUU W
0 1 Z 3

{(m / mol kg ')'?

>

F1G. 4. The isentropic compressibility caleulated from the fitied equation com-
pared with that estimated {rom measurements of the speed of sound in
NaBr(aqg) for 298.15 K and 0.1 MPa.
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concentration dependence of their measured heat capac-
ities from values calculated from the second temperature
derivative of Harned and Crawford’s activity coefficients.
This discrepancy was large enough to cause difficulties in
fitting to the thermal data for the present work. The fol-
lowing procedure was used to determine which of these
two data sets was in error. The 0.1 MPa C,, 4 of Tanner
and Lamb were fitted with an equation which repre-
sented their results with an r.m.s. difference of 1.3
J K 'mol~!. Values of C, 4 were interpolated for the

temperatures and molalities of the 17.5 MPa C, 4 results
reported by White et al.™ These two sets of values were
differenced to obtain a set of AC,, 4(obs.) for the pressure
change of 0.1 to 17.5 MPa. The volumetric results de-
scribed above were fitted with only the pressure depen-
dent parameters of Eqs. (34-38). From this fit the
ACG,, ¢(calc.) corresponding to the AC,, 4(obs.) were calcu-
lated as:

AG, (calc.) = L P:— T(L‘%*)p dp. 42)

TABLE 4. Literature sources for the activity and thermal properties of NaBr(aq)

Temperature Pressure Molality

Range Range?® Range n Type® Pest® Th
Ref. (K) (MPa) (molkg™")
49 298.15 0.1 0.03 - 3.02 9 In(y2/71) 18) 0.0074
50 298.15 0.1 0.2 -40 9 In(y2/v1) U 0.0065
51 273.15 - 313.15 0.1 02 -4.0 108 In(y2/v1) 0.02 0.0086
52 298.15 0.1 0.005 - 0.2 6 In(y.) U 0.016
53 Trus 0.1 0.003 - 1.20 31 ApusT d 0.0045°
54 Ths 0.1 0.03 - 147 26 AT d 0.0034°
55 298.15 - 0.12 - 3.99 33 ¢ 0.006 0.0036°
56 298.15 - ms 1 ¢ 0.010 0.017°
57 298.15 N 2.8 -89 16 ¢ U 0.017¢
58 298.15 - 30-9.17 14 ] 0.006 0.0027¢
59 298.15 - 19 - 42 5 ¢ 0.003 0.0030°
60 298.15 - 2.7 -54 5 b 0.003 0.0029°
61 298.15 - 01-913 23 Ps—Pw U 0.052°
62 293.4 - 353.15 - ms 6 Ds—Dw 8] 0.046°
63 272.7 - 356.9 - 20 -170 46 Ps—DPw ¢ 0.0064°
64 423.15 - 573.15 - 0.72 - 8.69 32 Ps—Pw U 0.067¢
65 298.15 0.1 0.0002 - 0.1 35 ALy 0.004 0.0058
66 298.15 0.1 0.0017 - 9.004 9 ALy 0.030 0.019#
67 298.15 0.1 0.9 - 15 23 AgLg 0.002 0.0007¢
68 298.15 0.1 0.15 - 3.0 10 AsLy 0.030 0.023¢
69 303.15 0.1 0.26 - 1.08 7 AguLg 0.005 0.0058
70 373.15 0.2 0.03 - 8.0 8 ALy 0.010 - 0.020 0.0238
70 423.15 0.5 0.03 - 8.0 1 AgLy 0.020 - 0.030 0.028¢
70 473.15 1.6 0.03 - 8.0 9 AaL, 0.030 0.0788
71 298.15 0.1 0.05 - 1.0 7 Cos 0.012 0.00448
27 298.15 0.1 0.028 - 1.0 17 Co s 0.004 0.0017*
72 27815 - 358.15 0.1 0.09 - 7.6 40 Cos 0.006 - 0.003 0.0018!
73 306.15 -~ 350.30 17.0 - 17.5 0.05 -3.0 66 Cpslp, w i 0.0079*
73 400.92 ~ 5009 17.0 - 17.5 0.05 - 3.0 72 Cp,s/Cp,w s 0.0085"
73 55190 - 602.74 17.0 - 17.5 0.05 -3.0 59 Cp.slCp,w i 0.119%
74 283.15 -~ 323.75 - - 18 Déec 0.013 0.017
74 283.15 - 373.15 - my 13 Ds™ Pw " 0.021°

* — indicates that the pressures for the data set changed with the experimental conditions.
® The symbol p,— p,.. refers to the difference in vapor pressure between solution and solvent, pa.. is the vapor pressure of water in equilibrium with

NaBr-2H;O.

© The letter U indicates that these points were given an insignificant weight in the least-squares procedure.
4 Values of Oexp Were calculated as the uncertainty in osmotic coefficient due to an uncertainty of 0.003 K for Ref. 53, or the uncertainties given

for Ref. 54, respectively, or 0.003, whichever was larger.
¢ g; in terms of osmotic coefficient.

f Values of o, Were calculated as the uncertainty in osmotic coefficeint due to an uncertainty of 3 x 10~¢ MPa or 0.005, whichever was larger

& Units are kJ-mol .
b Units are kJ’K~“mol~1

i Units are kJ')K~!'mol~!. These values were assigned weighting factors based on 0.3 of .
1 Values of 0.5, were calculated from the uncertainties given in Ref. 73; these values vary with temperature and molality, s are given in terms of

apparent molar heat capacity, kJ-K~"mol 1.

¥ Units are kJ'*K~!mol~?. The three values for 577.87 K and 0.0498 molkg~! were not included in the fit or in og.

! Units are kPa.

™ The vapor pressures of saturated solutions at 10 K intervals, and at 298.15 K, were taken from Ref. 74. Iterations were performed to arrive at
a set of saturation molalities corresponding to these temperatures. Values of o., were calculated from Ref. 74’s estimated uncertainties of pres-
sure of 0.013 kPa for T < 348.15 K and 0.13 kPa for 7 > 348.15 K. The weighted r.m.s. deviation for this data set was 1.3.

.I. Phve ftham Raf Nata Val 290 Na 2 10ai
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estimates of White ef al.

Figure 5 shows that the calculated pressure dependence
of C, , agreed with the experimentally observed behavior
within the estimated uncertainties of the White et al. re-
sults, at least for molalities greater than 0.5 molkg™.
White ef al. measured the ratio of heat capacity of solu-
tion to that of water in their mass-flow calorimeter,
whereas Tanner and Lamb measured the heat-capacity
ratio of two batch calorimeters (vapor space corrections
having been applied). In order for the experimental AC,, 4
to have agreed as well as it did with the AC, 4 calculated
from the volumetric fit, either the systematic errors in
both sets of heat-capacity results were smaller than =2 to
3 J-K~!mol ™!, or the systematic errors from these two dif-
ferent calorimeters agreed within =2 to 3 J-K™'mol™!
and thus cancelied each other in the subtraction. Because
the latter of these two choices seemed the more unlikely,
the heat capacity data werc treated as though they had
the experimental uncertainties estimated by the authors
and the data of Harned,” and Harned and Douglas®
were given an insignificant weight in the fit to the data.
The oy for Harned and Crawford’s In(y./y,) values was
given a value 0.02. Figure 6 shows the systematic differ-
ence between the globally fitted equation and the
4.0 molkg™' activity coefficient results of Harned and
Crawford vs. temperature. This difference is seen to be
not unrealistically large in both the figure and in the
r.m.s. deviation from the fitted cquation, as given in
Table 4. The experimental results of Lebed ef al . were
obviously inaccurate and given an insignificant weight in
the least-squares process.

Values of the solvent activity coefficient for the
presently considered results consisted of measurements

m,/ (mol kg™)

FI16. 5. Difference between the experimentally observed change in apparent molar
heat capacity for a 17.5 MPa change in pressure and that calculated form an
equation fitred 10 the experimental volumeiric resulis. The lines are the error

of the freezing-point depression, solvent vapor pressure,
and isopiestic molalities. Values of the osmotic coeffi-
cient were calculated from the freezing-point depression,
Ags T, as:™

(At‘ushi‘7 AfusT + BlAfus Tz + ClAfus T3 + DlAfus Tl‘)}

_ U RP? 2 3 4
¢ - VMMI (43)
where
B o= b Lo . 3AwH 20 Dy
' "RTY RT# 1 RT{ RT? " 2RIV
— 4AfusHO - 3FO Irl _ F2 (
D= 3T T ®i? VIR T OIRIE S8

Craft and Van Hook” give Ag H° = — 6008 J-mol ', [y =
—37.7514 K 'mol™', Ty = 0.224781 J* K “wol ™', 1 —
—1.45867 % 107° JK *mol~!. Osmotic cocfficicnts were
calculated from the difference in vapor pressure between
the solution and the solvent as:”

o vo
@Gm, l"_'-, - I*’A"m: 1/

KL veni b

¢ = 45)

where the difference in chemical potentials for the vapor
and the liguid at the temperature and pressure of the so-
lution, Ga 1.« — G5, was calculated from the equation
of state for water. Because the vapor pressure of the so-
lution can be several MPa less than the vapor pressure of
the solvent {e.g. 7" > 500 K}, Eg. (45) entailed the use of
the equation of state for conditions of T and p substan-
tially ouviside of the equilibrium region for liguid water.

J. Phys. Chem. Bef. Data, Yoi. 20, No. 3, 1891
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«es+«+s Harned & Crawford

4.0 mol kg™

Fitted equation

270

310 330

T /K

FiG. 6. Comparison of values of the activity coefficient calculated from the fitted
equation and the values of Harned and Owen for 4 molkg~! NaBr(aq)

against temperature,

For 623 K, the values of the properties of water corre-
sponding to pressures for some of the NaBr solutions
measured by Mashovets et al.* could not be calculated
with Hill’s' equation of state.

Osmotic coefficients for Robinson’s™ jsopiestic molali-
ties of NaBr(aq) and KCl(aq) and Covington et al.’s”
isopiestic molalities of NaBr(aq) and KCl(aq) were calcu-
lated by means of Hamer and Wu’s” equation for
KCl(aq).

Osmotic coefficients for NaCl(aq), the reference solute
for Covington et al.’s, and Kirgintsev and Luk’yanov’s®
isopiestic molalities, were calculated from Clarke and
Glew’s™ equation for NaCl(aq). Osmotic coefficients for
Penciner and Marcus™’ isopiestic molalities of NaBr(aq)
and CaCly(aq) were calculated by means of an equation
for CaCly(aq) reported by Garvin et al.” Penciner and
Marcus’ results were given an insignificant weight in the
least-squares procedure because their results showed a
systematic negative bias from the other osmotic coeffi-
cient results. The value of the activity of water for a sat-
urated solution of NaBr for 298.15 K, 0.557 +0.001, given
by Stokes and Robinson was used as given. Their uncer-
tainty for the activity of water for the saturated solution
" corresponded to an uncertainty of =0.01 in the osmotic
coefficient,

Figure 7 shows the differences between the osmotic co-
efficients calculated from the freezing-point depressions
and the fitted equation. There was a small systematic dif-
ference between the results of Damkdohler and Weinzerl*
and those of Scatchard and Prentiss.®® This difference
was approximately the size of the difference of
Robinson’s™ and Covington et al ’s* osmotic coefficients
from the fitted equation, for the same molalities. Figure

J. Phys. Chem. Ref. Data, Vol. 20, No. 3, 1991

8 shows the agreement between the fitted equation and
the 273.15 and 298.15 K osmotic coefficients. Because of
the differences of the freezing point measurements from
the 298.15 K results, it is obvious that there will exist sys-
temalic differences between the present equation and
those based on results for only a single particular temper-
ature, e.g. the equation of Hamer and Wu for NaBr(aq).
The residuals for Pearce et al.’s* observations for large
molality extended beyond the upper limit of the figure
and approached 0.09 for a molality of 9.0 molkg™.
Pearce’s results were given no significant weight in the fit.
Figure 9 shows a comparison of osmotic coefficients cal-
culated from the vapor-pressure measurements of Jakli
and Van Hook.® They estimated that values of ¢ calcu-
lated from their measurements would be accurate to ap-
proximately +0.01 to +0.02. Mashovets et 2l .* measured
the vapor pressure of NaBr solutions for temperatures
from 423 to 623 K. These values were also given no signif-
icant weight in the determination of the fitted equation.
Osmotic coefficients calculated from their results showed
some qualitative agreement with the fitted equation for
molalities larger than 2—3 molkg™ (Fig. 10).

The enthalpies of dilution of Hammerschmid and
Robinson,” Wallace,% Wood et al.,* and Vaslow,” for
298.15 K and 0.1 MPa, as well as the results of Leung and
Millero® for 303.15 K and 0.1 MPa were all fitted with
acceptable r.m.s. deviations. The differences between the
fitted equation and Mayrath and Wood’s enthalpies of di-
lution for 373 to 473 K, showed r.m.s. deviations approx-
imately 2.5 times larger than the uncertainties estimated
in their work., However, these differences were small
when compared to the magnitude of L, (Fig. 11).
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F1G. 9. Comparison of the osmotic coefficients calculated from Jakli and Van

Hook’s vapor pressurc measurcments to those calculated from the

present equation.

Figures 12-15 show the residuals of C,, 4, from 278 to
602.7 K for the results of Tanner and Lamb,” and values
calculated from the ¢, s/cp,, w Of White et al.” Residuals
that were systematically biased 2 to 4 times larger than
White et al.’s expected uncertainties were found for the
577 K data set. There also existed poorer precision in the
577 K results than for temperatures either greater or
lesser than 577 K, which suggested the possibility of an
experimental difficulty in this particular isothermal data
set. The flexibility of the cubic-spline fitting method, used
by White et al. in their fitting to these results, is such that
a greater uncertainty of this one isothermal set of mea-
surements, in a region where C,, 4 was changing rapidly
with temperature, might not have been immediately visi-
ble. Figure 15 shows a comparison of the C, 4 calculated
from the results of White ef al., along with values calcu-
lated from the fitted equation, for 1.003 molkg™!. It is
seen that the difference between the observed values, in-
cluding those for 577 K, and the fitted function is not
great compared to the value of C, ;.

4.2.3. Solubllities of NaBr-2H.O(cr) and NaBr(cr)

Till this point no experimental results have been de-
scribed that enabled determination of the two Gibbs en-
ergies of solution and the molar entropy of the dihydrate
listed in Table 2. In principle, the representations of the
experimental results described to this point, when com-
bined with the appropriate reference-temperature Gibbs
energies of formation and the standard entropies for each
of the species, should be sufficient to calculate the solu-
bilities of the anhydrous and dihydrate solid phases of

J. Phys. Chem. Ref. Data, Vol. 20, No. 3, 1991

NaBr as a function of temperature and pressure. Figure
16 shows some of the solubility values given by Linke,®
and Eddy and Menzies,” the latter values having not
been included in Linke’s compilation. The pressures for
these measurements were either 0.1 MPa or the satura-
tion vapor pressure. Values of the solubility calculated
from combination of a preliminary representation of the
previously described results and the formation properties
of Wagman et al.* are also shown in the figure. It is seen
that this combination of values did not provide very accu-
rate calculation of the solubilities. (It is observed that the
“Key Values” of Cox et al."” should not be used in combi-
nation with the Wagman et al. values for other species,
e.g. NaBr(cr), for the purpose of equilibrium calcula-
tions, This is because the values for the thermodynamic
properties of the species in Ref. 82, which were subse-
quently revised in Ref. 17, were used in the determina-
tion of many of Ref. 82's other species, most of which
were calculated from equilibrium observations, such as
solubility measurements.)

In some of the preliminary data representations the
difference of the calculated solubilities from the observed
values were significantly greater for NaBr(cr) than for
NaBr-2H;O(cr) , near the 0.1 MPa triple-point tempera-
ture. This observation implied that it was probably not
the solution-property representation which was causing
the observed discrepancy with experiment. It was also ob-
served that for the dihydrate solubility, the calculated
temperature dependence of the solubility was in error,
whereas for the anhydrous solute there was a nearly tem-
perature-independent difference between the observed
and calculated values. Examination of the equations
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FiG. 10. Values of the osmotic coefficient from 423.15 to 573.15 K and values of
the osmotic coefficients calculated from the vapor-pressure measure-
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F1G. 14. Residual plot for the fitted hcat-capacity measurements for 552 to 603 K.

given above for the dependence of the Gibbs energy of
solution on temperature indicated: 1) for the former case,
the entropy of the dihydrate phase from Ref. 82 may have
been slightly in error; 2) in the latter case, the Gibbs en-
ergy of formation of the anhydrous solid phase from Ref.
82 may be in error.

A potential source of these errors can be supposed. In
the remainder of this section it is to be realized that the
Gibbs energy of formation and/or enthalpy of formation
and/or entropy of NaBr(aq) were required for the calcu-
lations. For brevity this will not be explicitly stated for
each case. Wagman et al.’s® value for the 298.15 K en-
tropy of the dihydrate phase apparently was obtained
from a value for the 298.15 K Gibbs energy of solation for
the dihydrate and the value for the enthalpy of solution
of the dihydrate recommended by Parker.® This Gibbs
energy of solution required knowledge of the solute activ-
ity coefficient of NaBr(aq), the osmotic coefficient and
the saturation molality. The present work indicated that
the changes in the solvent activity coefficient sufficient to
adjust the solid phase entropy to a value consistent with
the temperature dependence of the solubility results
were not acceptable in terms of the accuracy of the avail-
able measurements. This left the choice of the value for
the enthalpy of solution as a possible source of error for
the dihydrate entropy.

Wagman et al.’s value for the Gibbs energy of forma-
tion for the anhydrous crystalline phase, for 208.15 I{ and
0.1 MPa, apparently was obtained from combination o

Gardner and Taylor’s® value of the 298.15 K entropy with
Parker’s recommended value for the enthalpy of solution
of the anhydrous solid. An uncertainty of 1.1 JJ K™ *mol ™'
in the 298.15 K entropy for NaBr was required to adjust
the Gibbs energy of formation to a value which provided
reasonably accurate solubilities. The agreement of the
enthalpy-drop measurements with the heat-capacity mca-
surements, and the agreement of heat capacitics of other
substances with the work of others, discussed in Sec. 2,
implied that such a large error in the molar entropy was
unlikely. Thus, it appeared that the error in Gibbs cnergy
of formation of the anhydrous phasc may have arisen in
Parker’s recommendation of Wallace's* valuce for the en-
thalpy of solution of NaBr(cr) as the “best™ value.

In corder to obtain more reliable values for the thermo-
dynamic properties for formation of the two solid phases,
solubility measurements from 253315 K (0 523.15 K were
incorporated in the least-squares procedure and the two
Gibbs energies of solution and ithe 298.15 K molar en-
tropy of the dihydrate wore also included as adjustable
parameters in the global daia fit. The solubility measure-
ments were given sulficient weight to ensure an accurate
represeniation. The agreement of fitted equation and sol-
ability from 250 i6 520 K is shown in Fig. 17. The solubil-
ity of NaBr, for temperatures near the upper limits of
thase depicted in {¥ig. 17, was outside the region of con-
contration gencrally accepted as being within the limits of
tity of the ion-interaction equation used in the
work. Additionally, for the combination of large
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FIG. 15. The apparent molar heat capacity for a 1.0031 mol-kg ~* solution, experiment
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FIG. 17. Values of the solubility of NaBr(cr) and NaBr-2H,O(cr) calculated from the equa-
tion for the solution properties combined with thermodynamic properties of the

solid phases from the present work.

solubility and large temperature for NaBr(aq), the value
of the solute activity coefficient becomes small, and the
calculated solubilities become very susceptible to small
uncertainties in the small activity coefficient. Thus the
agreement for 400 to 500 K was considered to be very sat-
isfactory. The 298.15 K Gibbs energies and enthalpies of
formation for NaBr(cr) and NaBr2H,O(cr), given in
Table 5, were calculated from the parameters given in
Table 2 and the values of Cox ef al .V for AH2. and S5
for NaBr(aq), H.O and the elements.

The 298.15 K, 0.1 MPa standard-state enthalpies of so-
lution calculated from the present work are given in
Table 6. Also given in this table are the recommended
values from Parker,® as well as some of the values calcu-
lated from enthalpies of solution reported in the litera-
ture. (Values prior to the change of the century have not
been tabulated.) The literature values for anhydrous
NaBr range from —0.2 to —1.0 kf-mol™!. This large
range of experimental value suggests the possibility of
systematic error sources in the measurements; thus these
results were not included in the least-squares procedure.
The enthalpy of solution for the anhydrous phase ob-
tained from the values given by Lange and Dirr® and by
Rabinovich®™ were both in reasonable agreement with the
value obtained from the global fit. The remaining values

were all less exothermic than the present value. Lange
and Dirr inadvertently compared their measured en-
thalpy of solution to a value of the partial molar enthalpy
of solution given by Wiist and Lange,” and so missed the
opportunity to comment on the significant difference be-
tween their value and the carlicr mcasurcments. The
value from Samoilov® for the dihydrate was slightly more
endothermic than the present value, however, this agree-
ment was considered reasonable. The value recom-
mended by Parker was calculated from values given by
Thomsen,” and was less endothcrmic than the present
value.

The simplest explanation for the differences of most of
the experimental values amongst themselves and from
the present calculated values was incomplete stoichiome-
try of the solid samples. In other words, the NaBr{cr) was
not completely anhydrous, and the NaBr2H,O was not
completely hydrated. The values of the two calculated en-
thalpies of solution indicate: 1) a not-completely-anhy-
drous sample of the NaBr(cr) would exhibit an observed
enthalpy of solution less exothermic than the true value;
and 2} a noi-completely-hydrated sample of NaBr-2H,O
would exhibit an observed enthalpy of solution less en-
dothermic than the true value. These two observations
werg in agreemeni with the differences from the present

J. Phys. Chem. Ref. Data, Yol. 20, Neo. 3, 1991
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TABLE 5. The Gibbs energy and enthalpy of formation of NaBr(cr) and
NaBr-2H;O(cr) for 298.15 K and 0.1 MPa caculated from the
least-squares estimated parameters.®

Substance AGH A¢Hp
NaBr -348.79 -360.89
NaBr2H.0 -828.30 -952.30

2 Units are kJ-mol ™!,

calculated values of the experimental values from the lit-
erature and from Parker’s® recommended values. An es-
timate of the effect of incomplete stoichiometry can be
made if an approximately additive effect for the waters of
hydration is assumed. With this assumption, the error in
the enthalpy of solution for 0.5% water content (by
weight) in the NaBr(cr) sample was estimated to be
aproximately 300 J-mol~'. This value is approximately the
size of the difference between Parker’s recommended
value for NaBr(cr) and that calculated from the globally
fitted equations for NaBr + H,O. It is also observed that,
for 298.15 K, the equilibrium vapor pressure of water
over the dihydrate is approximately one third of the vapor
pressurc of pure water. This vapor pressure may have
caused difficulty in maintaining either the anhydrous or
the hydrated phase samples in their completely hydrated
or completely dehydrated states.

Of course, alternative explanations for the discrepan-
cies of the solubility calculated from Wagman et al.’s
thermodynamic properties as well as the discrepancy of
the 298.15 K A Hy, calculated from the fitted parameters
and the experimental values were possible. One of these
explanations was that the values of the 298.15 K thermo-
dynamic properties of NaBr(aq), given in Refs. 82 and 17,
were both significantly in error. This explanation seemed
the more unlikely, if only because there existed at least
some explanation as to how these values were obtained in

DONALD G. ARCHER

Ref. 17, and because these results were obtained on an
individual-ion basis. Additionally, the possibility remains
that substantial errors in the isopiestic molality determi-
nations for 298.15 K, 0.1 MPa and molalities greater than
4 molkg™". Neither of these possibilities could be elimi-
nated from consideration in the present work.

5. NaBr-2H.O(cr) = NaBr(cr) + 2H.0(g)

The vapor pressure of water above NaBr-2H,O(cr) pro-
vides another source of quantitative information regard-
ing the Gibbs energies of formation for NaBr(cr) and
NaBr-2H,O(cr). The vapor pressure results of Dinge-
manns,” from 283.15 to 323.75 K, were also included in
the least-squares procedure. Fig. 18 shows the difference
between the decomposition pressures reported by Bell”
and by Dingemans and that calculated from Eq. (33).
Also shown are values given by Bronsted and Peterson,”
Schoorl,” Flood,"® and Jensen and Lannung® The
agreement with Dingemans’ results is within twice his
stated uncetainty of 0.013 kPa, for all temperatures.

Agreement with Flood’s value is within his stated un-
certainty of 0.007 kPa. Also shown in the figure arc values
of the decomposition pressure calculated from values of
the Gibbs energies of formation and the molar entropies
reported by Wagman et al.¥ and the heat capacities of
water and the solid phases reported here. Values of the
decomposition pressure from Watelle-Marion et al.®
were not considered because their vapor-pressure curve
for the saturated solution did not intersect the decompo-
sition pressure curve near 323 K. Extrapolation of their
equations for the respective vapor pressures gave 366 K
as the intersection temperature, a value significantly dif-
ferent from the triple point reported for the solubility
measurements and for Dingemans’ vapor-pressure mea-
surements.

‘TABLE 6. The enthalpy of solution of NaBr(cr) and NaBr2H,O(cr) for 298.15 K and 0.1 MPa.*

Substance A Ha A H A HE
calculated from the  “recommended” literature values Ref.
least-squares parameters value of Ref. 83

NaBr -0.86 -0.602 = 0.063 -1.023 84
-1.026 85
-0.657 86
-0.623 87
~0.606 93
—-0.603 66
-0.573 88
-0.55 90
-0.22 89

NaBr2H,0O 18.9 18.636 + 0.21 19.1 91

2 Units are kJ-mol !,
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6. Estimation of Uncertainty
and Calculated Values

It is nearly impossible to reliably estimate the uncer-
tainty in calculated values for a system such as the
present, for which so many of the experimental measure-
ments were found to be inconsistent with each other. Un-
certainty in the osmotic coefficients for 298.15 K, 0.1 MPa
and for molalities less than 5 molkg™' is probably
+0.005; for molalities between 5 and 9 mol-kg™ the un-
certainty is approximately *=0.01 to 0.02. The probable
uncertainty in activity coefficients for 298.15 K, 0.1 MPa,
and for molalities less than 5 molkg™! is +0.01; for mo-
lalities between 5 and 9 molkg™/, it is approximately
+0.02 to 0.03. Because the enthalpy of dilution and heat-
capacity results were in good agreement, the changes in
activity and osmotic coefficients with respect to tempera-
ture were fairly well characterized. Thus, the uncertain-
ties in osmotic and activity coefficients should not be
expected to increase by more than a factor of two from
the values for 298.15 K, for temperatures less than 500 K.
For temperatures above 500 K, the ability to integrate the
osmotic and activity coefficients for molalities greater
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than 5 molkg™' decreased because the heat-capacity re-
sults for this temperature range extended only io 3
molkg™, the concentration dependence of the intcgra-
tion is less well-defined with heat-capacity results than
with enthalpy-of-dilution results (this is true even for
298.15 K%), and the activity and osmotic coefficients
changed more rapidly with temperature and pressure.
The uncertainties in osmotic coefficient and logarithm of
the activity coefficient for 575 — 600 K might be expected
to be as large as 0.02 — 0.1, dependent upon concentra-
tion and pressure.

The uncertainties in apparent molar volumes and den-
sities were essentially those from the following investiga-
tors for the respective temperature, pressure and
concentration regions: Gibson and Loeffier®* for 298.15
— 358.15K, 0.1 —100 MPa, and 0 — 9 molkg™'; twice the
uncertainty given by Majer et @l .*! for 358.15 — 575K, pu
— 50 MPa, and 0 — 3 molkg™!; Baxter and Wallace® for
273.15 —298.15,0.1 MPa, and 6 — 9 molkg™". In temper-
ature and pressure regions outside of these, a smooth
transition from these uncertainties to those of Egorov et
al » was expected. As temperature decreases from 298.15
K and for pressures increasing from ambient, the
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uncertainty in apparent molar volumes and in the
changes of Gibbs energy, enthalpy, entropy and heat ca-
pacity with respect to pressure might become large, be-
cause of the lack of thermodynamic resuits for this region
of T and p.

Because the total number of properties which can be
calculated from the present equations is so large, no at-
tempt was made to generate tables of all properties for
the present work. Tables for a very few selected proper-
ties appear at the end of this paper. These calculated
properties for NaBr(aq) are: the change in standard-state
molar Gibbs energy and molar enthalpy from the values
for T and p,, standard-state molar entropy, activity coef-
ficient, osmotic coefficient, apparent molar volume, and
density of solvent and solution.

Note added in proof: Recently, Majer et al. (V. Majer,
L. Hui, R. Crovetto, R. H. Wood, J. Chem. Thermody-
namics, 23, 301 (1991).) have reported values of ps—py
for NaBr(aq) from 604.4 to 725.5 K and from 0.005 to 3.0
molkg ™! Values of p;—py calculated from the present
equations for 604.4 K agree with their results within their
experimental precision, for molalities less than 0.1
molkg™! and for their three pressures. For molalities
greater than 0.1 molkg™' for 604.4 K, and their three
pressures, the present equations provide values of V that
have a r.m.s. deviation of 2.8 cm>mol~’. For these same
conditions, values of ps~— pw calculated from the present
equations are an average of 1.4 percent larger than their
results. This difference in ps—pw corresponds to differ-
ences of 0.02, 0.1, 0.17 and 0.4 percent in solution density
for molalities of 0.1, 0.5, 1.0 and 3.0 molkg™?, respec-
tively. This difference in p;—pw, for molalities greater
than 0.1 molkg™!, is about a factor of three larger than
the absolute accuracy of the calibration of the instrument
for lower temperatures for NaCl(aq) and so the present
level of agreement can be considered an acceptable veri-
fication of the present equation.
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Appendix

Table A-1. The calculated standard-state molar Gibbs energy of NaBr(ag), relative to 298.15 K and 0.1 MPa, G,z — G2, 2,1y, p- Uniits are kJ-mol ™!

T/K p 0.1 MPa/p,, 10 MPa 25 MPa 50 MPa 75 MPa 100 MPa
273.15 0.1 3.655 3.866 4.194 4.762 5.353 5.965
278.15 0.1 2.897 3117 3.457 4.042 4.649 5273
283.15 0.1 2.156 2.382 2732 3.332 3.951 4.586
288.15 0.1 1427 1.659 2.017 2.628 3.258 3.903
293.15 0.1 0.709 0.945 1.310 1.931 2.569 3.222
298.15 0.1 0.000 0.240 0.610 1.239 1.885 2.545
303.15 0.1 -0.701 —-0.458 ~0.084 0.552 1.204 1.869
308.15 0.1 —1.39% -1.150 -0.773 -0.131 0.526 1.196
313.15 0.1 -2.084 -1.837 —1.456 -0.810 -0.149 0.525
318.15 0.1 -2.761 -2518 —-2.136 -1.485 -0.821 —0.144
323.15 0.1 —3.444 -3.195 -2.811 -2.158 -1.491 -0.812
328.15 0.1 -4.117 —3.866 —-3.481 ~2.827 —-2.158 —1.477
333.15 0.1 -4,785 -4.534 —4.148 —-3.493 —2.823 -2141
338.15 0.1 5.448 - 5.197 4.812 -4.156 —3.486 —2.803
343.15 0.1 -6.106 -5.856 -5471 ~-4.816 -4.146 -3.463
348.15 0.1 -6.760 —-6.511 -~6.127 -5473 —-4.803 -4.121
353.15 0.1 -7.410 -7.161 -6.778 -6.126 -5.458 ~4,777
358.15 0.1 —8.054 —7.807 —7.426 —6.776 -6.111 -5.431
363.15 0.1 —8.694 —8.449 ~-8.070 -7423 -6.760 —-6.082
368.15 0.1 -9.329 -9.086 —8.710 -8.067 - 7407 -6.732
373.15 0.1 -9.960 -9.718 -9.346 -~8.707 ~8.051 -1379
383.15 0.1 ~11.203 -10.969 —10.604 —9.976 —9.329 —8.665
393.15 0.2 ~12.425 -12.199 —11.844 -11.230 -10.594 ~-9.939
398.15 0.2 -13.027 -12.806 —-12.456 -11.851 -11.221 -10.572
403.15 0.3 —13.623 —13.407 —13.064 —12.467 -11.845 —11.202
413.15 04 —14.796 —14.592 —14.263 ~13.686 —13.080 ~12.451
423.15 0.5 —15.941 ~15.751 —-15.439 -14.885 —14.299 —13.687
433.15 0.6 —17.056 —16.883 —16.590 —16.064 -15.500 ~14.907
443.15 0.8 -18.137 ~17.984 -17.714 -17.219 —-16.682 -16.110
448.15 0.9 —18.665 -18.522 —18.265 —17.788 -17.265 -16.705
453.15 1.0 —19.183 —-19.051 —18.808 —18.351 —17.842 -17.295
463.15 1.3 —20.189 -20.082 —-19.870 —19.455 -18.981 —18.462
473.15 1.6 -21.152 -21.072 —20.897 —20.531 -20.096 -19.608
498.15 2.5 —23.334 —23.336 —23.285 —23.078 —22.765 —22375
523.15 4.0 —25.116 -25.211 —25.354 —-25.382 —25.238 —-24.979
548.15 5.9 -26.350 —26.524 —26.991 -217.376 ~27472 —27.389
573.15 8.6 —26.786 —-26.925 —28.008 —28.966 —29.407 —29.562
598.15 12.0 —25.943 —28.059 —-30.019 —30.963 —-31.436

*Column gives the pressure for values of G, 2 — Ga. 2 1, p, in the 0.1 MPa/p,, column.

Table A-2. The calculated standard-state molar enthalpy of NaBr(aq), relative to 298.15 K and 0.1 MPa, Ha2 — H3. 2 7,.p, Units are kJ-mol~!

TK p’ 0.1 MPajp,, 10 MPa 25 MPa 50 MPa 75 MPa 100 MPa
273.15 0.1 3.517 3.214 2.820 2319 1.983 1.783
278.15 0.1 2.525 2.325 2071 1.769 1.596 1.531
283.15 0.1 1.722 1.601 1.456 1.309 1.265 1.307
288.15 0.1 1.055 0.998 0.941 0.920 0.981 1.110
293.15 0.1 0.490 0.485 0.500 0.584 0.733 0.936
298.15 0.1 0.000 0.039 0.116 0.289 0.512 0.779
303.15 01 —-0.434 -0.357 -0.227 0.024 0.313 0.634
308.15 0.1 -0.828 -0.717 —-0.539 -0.220 0.128 0.499
313.15 0.1 -1.190 -1.049 -0.829 —-0.447 ~-0.047 0.370
318.15 0.1 —13531 -1.362 -1.103 —0.664 -0.215 0.243
323.15 0.1 —1.858 —1.663 —1.367 -0.875 -0.380 0.117
328.15 0.1 -2.174 —-1.955 —1.625 —-1.082 —0.544 -0.011
333.15 0.1 —2.486 —2.243 —1.881 —1.289 -0.710 ~0.141
338.15 0.1 -2.797 —-2.531 -2.137 -—1.498 -0.879 -0.277
343.15 0.1 -3.109 —2.821 —2.395 -1.711 -1.054 -0418
348.15 0.1 ~3.427 ~3.116 —2.660 -1.931 —-1.234 —-0.566
353.15 0.1 -3.751 -3.418 -2.931 -2.157 —1.423 -0.722
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Table A-2. The calculated standard-state molar enthalpy of NaBr(aq), relative to 298.15 K and 0.1 MP2, H;> — Ha 2 7, p, Uniis are
kJmol~! — Continued

T/K p* 0.1 MPajp,, 10 MPa 25 MPa 50 MPa 75 MPa 100 MPa
358.15 0.1 —4.085 —3.729 —3.211 —2.392 ~1.620 —0.887
363.15 0.1 —4.430 —4.051 —3.501 —2.637 -1.827 —1.662
368.15 0.1 —4.788 —4.385 -3.803 -2.892 —~2.044 —1.247
373.15 0.1 —5.160 —4.734 -4.118 —-3.160 -2272 —1.442
383.15 0.1 —5.954 —5.478 —4.791 ~3.734 —2.765 ~1.868
393.15 0.2 —6.826 —6.295 ~5.531 —4.367 —3.311 —2.343
398.15 0.2 -17.295 —6.735 -5.92% ~4.767 —3.605 —2.600
403.15 0.3 -7.789 -7.198 —6.348 —5.065 -3.915 -2.870
413.15 0.4 —8.857 -8.199 —7251 —5.835 —4.582 —3.455
423.15 0.5 —10.048 —9.314 —8.252 —~6.687 -5.318 —4.100
433.15 0.6 —-11.379 —10.558 —9.364 —7.627 —6.128 —4.809
443.15 0.8 ~12.873 —11.953 —10.603 —8.666 -7.019 —5.588
448.15 0.9 —-13.689 ~12.714 —-11.275 -9.225 —7.497 —6.004
453.15 1.0 —14.556 —13.522 —-11.985 —9.814 - 7.998 —6.440
463.15 1.3 ~16.460 —15.295 —13.532 —11.086 —9.074 —7.371
473.15 16 —18.625 —17.307 —~15.269 ~12.495 —~10.256 —-8.388
498.15 2.5 -25.526 ~-23.716 —20.662 —16.744 -13.752 -11.357
523.15 4.0 - 35.592 -33.106 -28.170 —22.348 —18.209 —15.058
523.15 4.0 —~35.592 —33.106 —28.170 ~22.348 - 18.209 ~15.058
548.15 5.9 -51.202 —47.972 —39.094 —29.893 -23.962 -19.717
573.15 8.6 ~77.880 ~75.168 ~56.055 —-40.302 ~31.513 —25.713
598.15 12.0 -132.295 ~85.088 ~54.896 ~41.679 ~33.932

? Column gives the pressure for values of Hg» — Hg, 2 7..p, in the 0.1 MPa / p, column

Table A-3. The calculated standard-state entropy, % m, of NaBr(ag). Units are kJ-K~*mol !

T/K p? 0.1 MPa/p,, 10 MPa 25 MPa 50 MPa 75 MPa i0C MPa
273.15 0.1 0.153 0.152 6.149 0.145 0.142 9.139
278.15 0.1 0.150 0.148 0.146 0.143 0.140 0.138
283.15 0.1 0.147 0.146 0.144 0.141 6.139 0.137
288.15 0.1 0.145 0.144 0.142 0.140 0.138 0.136
293.15 0.1 0.143 0.142 0.141 0.139 8.137 6.136
298.15 0.1 0.141 0.140 0.139 0.138 0.136 0.135
303.15 0.1 0.140 0.139 0.138 0.137 0.136 0.135
308.15 0.1 0.138 0.138 0.137 0.136 0.135 0.134
313.15 0.1 0.137 0.137 0.136 0.135 0.135 0.134
318.15 0.1 0.136 0.136 0.135 0.135 0.134 0.133
323.15 0.1 0.135 0.135 0.135 0.134 0.134 £.133
328.15 0.1 0.134 0.134 0.134 0.133 0.133 G133
333.15 0.1 0.133 0.133 0.133 0.133 0.133 0.132
338.15 0.1 0.132 0.132 0.132 0.132 0.132 (4132
343.15 0.1 0.131 0.131 0.131 0.132 0.132 (HR R
348.15 0.1 0.130 0.131 0.131 0.131 0.121 (131
353.15 0.1 0.129 0.130 0.130 0.130 0.130 3131
358.15 0.1 0.128 0.129 0.129 6.130 Q.150 4.130
363.15 0.1 0.128 0.128 0.128 8.129 0,124 0.130
368.15 0.1 0.127 0.127 0.128 0.128 0.129
373.15 0.1 0.126 8,126 8.127 0.128 (.129
383.15 0.1 0.123 0124 0.125 0.126 0.127
393.15 0.2 0.12% 0.122 0.123 0.124 0.1286
398.15 0.2 0.120 0.121 0.122 0.124 0.126
403.15 0.3 0.11¢ G.120 0.121 0.123 0.125
413.15 0.4 0.1i6 0.117 0.119 0.121 0.124
423.15 0.5 0.113 0.115 0.11¢ HARE) 0.122
433.15 0.6 0.110 6.112 6.114 8117 0.120
443.15 0.8 0.167 0.168 0.111 g.11%
448.15 0.9 0.105 0.147 6.109 0.118
453.15 1.0 0.103 0.105 £.108 0.137
463.15 13 0.099 G.101 0.104 0.118
473.15 le 0.094 5.697 0.113
498.15 2.5 $.086 §.084 6.107
523.18 42 0.06C 4.065 6.099
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Table A-3. The calculated standard-state entropy, 53, m, 0of NaBr(aq). Units are kJ'*K-1'mol~! — Continued

TK p 0.1 MPajp,, 10 MPa 25 MPa 75 MPa 100 MPa
548.15 0.031 0.038 0.055 0.083 0.091
573.15 -0.016 —-0.011 0.024 0.070 0.080
598.15 12.0 -0.108 ~0.025 0.052 0.066

2 Column gives the pressure for values of the standard-state entropy in the 0.1 MPa / py, column,
Table A-4. The calculated activity coefficient, y., of NaBr(aq)
m /[ motkg™!?

T/K p/ MPa 0.1 0.25 0.5 1.0 20 4.0 6.0 8.0
273.15 0.1 0.788 0.733 0.696 0.670 0.685 0.837 1118 1.546
278.15 0.1 0.789 0.736 0.701 0.679 0.701 0.867 1.162 1.597
283.15 0.1 0.789 0.737 0.704 0.686 0.714 0.892 1.199 1.641
28R.15 n1 0.789 0.738 0.707 0.692 0.725 0.913 1.230 1.677
293.15 0.1 0.789 0.739 0.709 0.696 0.733 0.931 1.255 1.706
298.15 0.1 0.788 0.738 0.709 0.699 0.740 0.945 1.276 1728
303.15 0.1 0.787 0.738 0.710 0.701 0.746 0.956 1.292 1.743
308.15 01 0.786 0.737 0.709 0.702 0.750 0.965 1.303 1.753
313.15 0.1 0.784 0.736 0.709 0.703 0.752 0.971 1311 1.757
318.15 0.1 0.783 0.734 0.708 0.702 0.754 0.975 1.315 1.756
323.15 0.1 0.781 0.732 0.706 0.702 0.754 0.977 1.316 1.751
328.15 0.1 0.779 0.730 0.704 0.700 0.754 0.978 1.315 1.742
333.15 0.1 0.777 0.728 0.702 0.698 0.752 0.976 1.310 1.729
338.15 0.1 0.775 0.725 0.699 0.696 0.750 0.973 1.303 1.713
343.15 0.1 0.773 0.723 0.696 0.693 0.748 0.969 1.294 1.693
348.15 0.1 0.770 0.720 0.693 0.690 0.744 0.963 1.283 1.671
353.15 0.1 0.768 0.717 0.690 0.687 0.740 0.956 1.269 1.647
358.15 0.1 0.765 0.714 0.687 0.683 0.736 0.949 1.255 1.621
363.15 0.1 0.763 0.711 0.683 0.678 0.730 0.940 1.239 1.592
368.15 0.1 0.760 0.707 0.679 0.674 0.725 0.930 1.221 1.562
373.15 0.1 0.757 0.704 0.675 0.669 0.719 0.919 1.202 1.531
383.15 0.1 0.751 0.696 0.666 0.659 0.705 0.896 1.161 1.465
393.15 0.2 0.745 0.688 0.657 0.648 0.690 0.869 1.117 1.39%
398.15 0.2 0.741 0.684 0.652 0.642 0.682 0.856 1.094 1.360
403.15 0.3 0.738 0.680 0.647 0.636 0.674 0.841 1.071 1.324
413.15 0.4 0.731 0.671 0.636 0.623 0.657 0.811 1.022 1.251
423.15 0.5 0.723 0.661 0.625 0.609 0.638 0.779 0.972 1.178
433.15 0.6 0.715 0.651 0.613 0.595 0.619 0.747 0.920 - 1.104
443.15 0.8 0.707 0.641 0.601 0.580 0.598 0.713 0.869 1.032
448.15 0.9 0.703 0.635 0.595 0.572 0.588 0.696 0.843 0.996
453.15 1.0 0.698 0.630 0.588 0.564 0.577 0.678 0.817 0.960
463.15 13 0.689 0.613 0.574 0.548 0.555 0.643 0.765 0.890
473.15 1.6 0.680 0.606 0.560 0.530 0.533 0.607 0.713 0.821
498.15 2.5 0.653 0.573 0.522 0.485 0.474 0.517 0.587 0.659
523.15 4.0 0.621 0.535 0.479 0.434 0.411 0.426 0.466 0.510
548.15 5.9 0.584 0.491 0.429 0.378 0.344 0.336 0.353 0.376
573.15 8.6 0.537 0437 0.370 0315 0.273 0.249 0.249 0.260
598.15 120 0.474 0.367 0.299 0.242 0.197 0.166 0.158 0.162
273.15 10.0 0.790 0.736 0.699 0.675 0.692 0.847 1.128 1.549
278.15 10.0 0.790 0.738 0.704 0.684 0.707 0.876 1172 1.602
283.15 10.0 0.791 0.740 0.707 0.691 0.720 0.901 1.208 1.647
288.15 10.0 0.790 0.740 0.710 0.696 0.730 0.922 1.239 1.684
293.15 10.0 0.790 0.741 0.711 0.700 0.739 0.939 1.265 1713
298.15 10.0 0.789 0.740 0.712 0.703 0.745 0.953 1.285 1.736
303.15 10.0 0.788 0.740 0.712 0.705 0.750 0.964 1.301 1.752
308.15 10.0 0.787 0.739 0.712 0.706 0.754 0.972 1.313 1.763
313.15 10.0 0.786 0.738 0.711 0.706 0.757 0.978 1.320 1.768
318.15 100 0.784 0.736 0.710 0.706 0.758 0.982 1.325 1.768
323.15 10.0 0.782 0.734 0.708 0.705 0.759 0.984 1.326 1.763
32815 10.0 0.780 0.732 0.707 0.703 0.758 0.985 1.324 1.754
333.15 10.0 0.778 0.730 0.704 0.702 0.757 0.983 1.320 1.742
338.15 10.0 0.776 0.727 0.702 0.699 0.755 0.980 1.313 1.726
343.15 10.0 0.774 0.725 0.699 0.697 0.752 0.976 1.304 1.707
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Table A-4. The calculated activity coefficient, v., of NaBr(aq) — Continued
m [ molkg™?

T/K pl/ MPa 0.1 0.25 05 1.0 2.0 4.0 6.0 8.0

348.15 10.0 0.772 0.722 0.696 0.693 0.749 0.970 1.293 1.686
353.15 10.0 0.769 0.719 0.693 0.690 0.745 0.964 1.280 1.662
358.15 10.0 0.767 0.716 0.689 0.686 0.740 0.956 1.266 1.636
363.15 10.0 0.764 0.713 0.686 0.682 0.735 0.947 1.250 1.609
368.15 10.0 0.762 0.710 0.682 0.678 0.730 0.938 1.233 1.579
373.15 10.0 0.759 0.706 0.678 0.673 0.724 0.927 1.214 1.548
383.15 10.0 0.753 0.699 0.669 0.663 0.710 0.904 1.174 1.483
393.15 10.0 0.747 0.691 0.660 0.652 0.696 0.878 1.130 1.415
398.15 10.0 0.743 0.687 0.655 0.646 0.688 0.864 1.108 1.379
403.15 10.0 0.740 0.682 0.650 0.640 0.680 0.850 1.084 1.344
413.15 10.0 0.733 0.674 0.640 0.627 0.663 0.820 1.036 1.272
423.15 10.0 0.726 0.664 0.629 0.614 0.644 0.789 0.986 1.199
433.15 10.0 0.718 0.655 0.617 0.600 0.625 0.757 0.936 1.126
443.15 10.0 0.710 0.645 0.605 0.585 0.605 0.723 0.884 1.054
448.15 10.0 0.706 0.639 0.59% 0.577 0.595 0.706 0.859 1.018
453.15 10.0 0.702 0.634 0.593 0.570 0.585 0.689 0.833 0.983
463.15 10.0 0.693 0.623 0.579 0.553 0.563 0.654 0.781 0.913
473.15 10.0 0.683 0.611 0.566 0.537 0.541 0.619 0.730 0.845
498.15 10.0 0.657 0.579 0.528 0.492 0.482 0.529 0.603 0.681
523.15 10.0 0.626 0.541 0.485 0.442 0.419 0.438 0.481 0.530
548.15 10.0 0.589 0.497 0.435 0.385 0.351 0.346 0.365 0.391
573.15 10.0 0.539 0.440 0.374 0.318 0.277 0.253 0.254 0.266
273.15 25.0 0.792 0.739 0.704 0.682 0.702 0.862 1.144 1.554
278.15 25.0 0.793 0.741 0.708 0.690 0.717 0.890 1.186 1.609
283.15 25.0 0.793 0.743 0.712 0.697 0.729 0.914 1.222 1.655
288.15 25.0 0.792 0.743 0.714 0.701 0.738 0.934 1.253 1.693
293.15 25.0 0.792 0.744 0.715 0.705 0.746 0.950 1.278 1.724
298.15 250 0.791 0.743 0.716 0.708 0.753 0.964 1.298 1.748
303.15 25.0 0.790 0.743 0.716 0.710 0.757 0.974 1.314 1.765
308.15 25.0 0.789 0.742 0.716 . 0711 0.761 0.983 1.326 1.777
313.15 25.0 0.788 0.740 0.715 0.711 0.763 0.989 1.334 1.783
3i8.15 25.0 0.786 0.739 0.714 0.710 0.765 0.992 1.339 1.783
323.15 25.0 0.784 0.737 0.712 0.710 0.765 0.994 1.340 1.780
328.15 25.0 0.782 0.735 0.710 0.708 0.765 0.995 1338 1.772
333.15 25.0 0.781 0.733 0.708 0.706 0.763 0.993 1334 1.760
338.15 25.0 0.778 0.730 0.706 0.704 0.761 0.990 1328 1.746
343.15 25.0 0.776 0.728 0.703 0.701 0.759 0.986 1.319 1.728
348.15 25.0 0.774 0.725 0.700 0.698 0.755 0.981 1.308 1.707
353.15 25.0 0.772 0.722 0.697 0.695 0.751 0.974 1.296 1.684
358.15 25.0 0.769 0.719 0.693 0.691 0.747 0.967 1.282 1.659
363.15 25.0 0.767 0.716 0.690 0.687 0.742 0.958 1.266 1.632
368.15 25.0 0.764 0.713 0.686 0.683 0.736 0.949 1.249 1.603
373.15 250 0.761 0.709 0.682 0.678 0.731 0.938 1.231 1.573
383.15 25.0 0.756 0.702 0.674 0.668 0.718 0.916 1.192 1.509
393.15 25.0 0.750 0.695 0.665 0.658 0.703 0.890 1.149 1.442
398.15 250 0.746 0.691 0.660 0.652 0.696 0.877 £.127 {.408
403.15 25.0 0.743 0.687 0.655 0.646 0.688 0.863 1.104 1.373
413.15 25.0 0.737 0.678 0.645 0.634 0.671 0.834 1.057 1.302
423.15 25.0 0.730 0.669 0.635 0.621 0.654 0.804 1.00R 1.231
433.15 25.0 0.722 0.660 0.624 0.607 0.635 0.772 0.959 1,159
443.15 250 0.715 0.650 0.612 0.593 0.616 0.740 0.909 1.088
448.15 25.0 0.711 0.645 0.606 0.586 0.606 0.723 0.883 1.053
453.15 25.0 0.706 0.640 0.600 0.578 0.596 0.706 ().858 1.019
463.15 25.0 0.698 0.629 0.587 0.563 0.575 0.673 0.808 0.950
473.15 25.0 0.689 0.618 0.574 0.547 0.554 0.638 0.758 0.883
498.15 250 0.665 0.588 0.539 0.504 0.498 0.552 0.635 0.723
523.15 25.0 0.637 0.554 0.499 0.458 0.439 0.464 0.516 0.576
548.15 25.0 0.604 0.515 0.455 0.407 0.376 0.377 0.405 0.442
573.15 25.0 0.564 0.467 0.403 0.349 0.310 0.292 0.301 0.323
598.15 25.0 0.512 0.408 0.340 0.284 0.239 0.209 0.206 0.220
273.15 50.0 0.796 0.745 0.712 0.693 0.718 0.886 1.167 1.560
278.18 50.0 0.796 0.747 0.716 0.761 0.731 0.912 1.209 1.618
283.15 50.0 6.796 0.748 0.719 0.706 0.742 0.934 1.244 1.666
288.15 50.¢ 0.7%6 0.748 0.720 0.711 3.751 0.953 1.274 1.707
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Table A-4. The calculated activity coefficient, ., of NaBr(aq) — Continued

m [ molkg™?

T/K p/ MPa 0.1 0.25 0.5 1.0 20 4.0 6.0 8.0
293.15 50.0 0.795 0.748 0.722 0.714 0.758 0.968 1.299 1.740
298.15 50.0 0.794 0.748 0.722 0.716 0.764 0.981 1.319 1.765
303.15 50.0 0.793 0.747 0.722 0.718 0.769 0.991 1.335 1.785
308.15 50.0 0.792 0.746 0.722 0.718 0.772 0.999 1.347 1.798
313.15 50.0 0.791 0.745 0.721 0.719 0.774 1.005 1.355 1.805
318.15 50.0 0.789 0.743 0.719 0.718 0.775 1.008 1.360 1.807
323.15 50.0 0.788 0.742 0.718 0.717 0.775 1.010 1.361 1.805
328.15 50.0 0.786 0.740 0.716 0.716 0.775 1.010 1.360 1.799
333.15 50.0 0.784 0.737 0.714 0.714 0.773 1.009 1.356 1.789
338.15 50.0 0.782 0.735 0.711 0.711 0.771 1.006 1.350 1.775
343.15 50.0 0.780 0.733 0.709 0.709 0.769 1.002 1.342 1.758
348.15 50.0 0.778 0.730 0.706 0.706 0.765 0.997 1.332 1.739
353.15 50.0 0.775 0.727 0.703 0.702 0.762 0.991 1.320 1.717
358.15 50.0 0.773 0.724 0.700 0.699 0.757 0.983 1.306 1.693
363.15 50.0 0.771 0.721 0.696 0.695 0.752 0.975 1291 1.667
368.15 50.0 0.768 0.718 0.692 0.691 0.747 0.966 1.275 1.640
373.15 50.0 0.765 0.715 0.689 0.686 0.742 0.956 1.258 1.611
383.15 50.0 0.760 0.708 0.681 0.677 0.729 0.934 1.220 1.549
393.15 50.0 0.754 0.701 0.672 0.667 0.715 0.910 1.178 1.485
398.15 50.0 0.751 0.697 0.667 0.661 0.708 0.897 1.157 1.451
403.15 50.0 0.748 0.693 0.663 0.655 0.700 0.883 1.135 1.417
413.15 50.0 0.742 0.685 0.653 0.644 0.684 0.855 1.089 1.348
423.15 50.0 0.735 0.676 0.643 0.631 0.668 0.826 1.042 1.279
433.15 50.0 0.728 0.668 0.633 0.618 0.650 0.795 0.994 1.210
443.15 50.0 0.721 0.658 0.622 0.605 0.631 0.764 0.945 1.141
448.15 50.0 0.717 0.654 0.616 0.598 0.622 0.748 0.921 1.107
453.15 50.0 0.714 0.649 0.610 0.591 0.612 0.732 0.897 1.073
463.15 50.0 0.706 0.639 0.599 0.577 0.593 0.700 0.848 1.007
473.15 50.0 0.698 0.629 0.586 0.562 0.573 0.667 0.800 0.942
498.15 50.0 0.676 0.601 0.554 0.522 0.520 0.584 0.681 0.787
523.15 50.0 0.651 0.571 0.519 0.480 0.466 0.502 0.568 0.644
548.15 50.0 0.623 0.537 0.480 0.435 0.409 0.420 0.461 0.516
573.15 50.0 0.591 0.498 0.436 0.386 0.350 0.341 0.362 0.402
598.15 50.0 0.552 0.453 0.387 0.332 0.290 0.266 0.274 0.307
273.15 750 0.799 0.750 0.719 0.704 0.734 0.907 1.189 1.564
278.15 75.0 0.799 0.752 0.723 0.710 0.745 0.932 1.229 1.624
283.15 75.0 0.799 0.753 0.725 0.715 0.755 0.953 1.264 1.675
288.15 4 0.799 0.753 0.727 0.719 0.763 0.970 1.294 1.718
293.15 75.0 0.798 0.753 0.728 0.722 0.770 0.985 1.318 1.753
298.15 75.0 0.797 0.752 0.728 0.724 0.775 0.997 1.338 1.780
303.15 75.0 0.796 0.752 0.728 0.725 0.779 1.007 1.354 1.801
308.15 75.0 0.795 0.750 0.727 0.726 0.782 1014 1.366 1816
313.15 75.0 0.794 0.749 0.726 0.726 0.784 1.020 1.374 1.825
318.15 75.0 0.792 0.748 0.725 0.725 0.785 1.023 1.379 1.829
323.15 750 0.791 0.746 0.723 0.724 0.785 1.025 1.381 1.828
328.15 75.0 0.789 0.744 0.721 0.723 0.784 1.025 1.380 1.823
333.15 75.0 0.787 0.742 0.719 0.721 0.783 1.023 1.376 1.814
338.15 750 0.785 0.739 0.717 0.718 0.781 1.021 1.371 1.802
343.15 75.0 0.783 0.737 0.714 0.716 0.778 1.017 1.363 1.786
348.15 75.0 0.781 0.734 0.711 0.713 0.775 1.012 1.353 1.768
353.15 750 0.779 0.732 0.708 0.710 0.771 1.005 1.342 1.747
358.15 75.0 0.776 0.729 0.705 0.706 0.767 0.998 1.329 14
363.15 75.0 0.774 0.726 0.702 0.702 0.762 0.990 1.314 1.700
368.15 75.0 0,772 0.723 0.698 0.698 0.757 0.981 1.298 1.673
373.15 75.0 0.769 0.720 0.695 0.694 0.752 0.972 1.281 1.645
383.15 75.0 0.764 0.713 0.687 0.685 0.739 0.950 1.245 1.586
393.15 75.0 0.758 0.706 0.679 0.675 0.726 0.927 1.205 1.523
398.15 75.0 0.755 0.702 0.674 0.669 0.719 0.914 1.184 1.490
403.15 750 0.752 0.699 0.670 0.664 0.712 0.901 1162 1.457
413.15 75.0 0.746 0.691 0.661 0.653 0.696 0.874 1.118 1.391
423.15 75.0 0.740 0.683 0.651 0.641 0.680 0.846 1.072 1.323
433.15 750 0.734 0.674 0.641 0.628 0.663 0.816 1.025 1.256
443.15 75.0 0.727 0.666 0.630 0.615 0.645 0.786 0.978 1.189
448.15 75.0 0.723 0.661 0.625 0.609 0.636 0771 0.955 1.156
453.15 75.0 0.720 0.657 0.620 0.602 0.627 0.755 0.931 1.123
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Table A-4. The calculated activity coefficient, vy, of NaBr(ag) — Continued

m [ molkg™!

TK p/ MPa 0.1 0.25 0.5 1.0 2.0 46 60 8.0
463.15 75.0 0.712 0.647 6.608 0.588 0.608 0.724 0.884 1.058
473.15 75.0 0.705 0.638 0.597 0.574 0.589 0.692 0.837 0.995
498.15 75.0 0.685 0.612 0.567 0.537 0.540 0.613 0.722 0.844
523.15 75.0 0.662 0.584 0.534 0.498 0.488 0.534 0.612 0.705
548.15 75.0 0.637 0.554 0.499 0.456 0.435 $.456 §.509 0.581
573.15 75.0 0.609 0.520 0.460 0.412 0.381 §.381 9413 0471
598.15 75.0 0.577 0.481 0.418 0.365 0.325 0.398 0.328 0.380
273.15 100.0 0.802 0.755 0.726 0.714 0.748 0.928 1.208 1.566
278.15 100.0 0.803 0.757 0.728 0.720 0.759 (3.950 1.247 1.629
283.15 100.0 0.802 6.757 0.731 6.724 0.768 0.970 1.282 1.682
288.15 100.0 0.802 0.757 0.733 0.727 0.775 0.987 1.311 1.727
293.15 100.0 0.801 0.757 0.733 0.730 0.781 1.001 1.335 1.764
208.15 100.0 0.800 0.757 0.734 0.731 0.785 1.012 1.355 1.793
303.15 100.0 0.799 0.756 0.733 0.732 0.789 1.621 1371 1.816
308.15 160.0 0.798 0.755 0.733 0.733 0.792 1.028 1.383 1.832
313.15 100.0 0.797 0.753 0.722 0.733 0.793 1.033 1.391 1.842
318.15 100.0 0.79% 0.752 0.730 0.732 0.794 1.036 1.396 1.847
323.15 100.0 0.794 0.750 0.729 0.731 0.794 1.038 1.398 1.848
328.15 100.0 0.792 0.748 0.727 0.729 0.793 1.038 1.398 1.844
333.15 100.0 0.790 0.746 0.724 0.727 0.792 1.037 1.395 1.836
338.15 100.0 0.788 0.744 0.722 0.725 0.789 1.024 1.389 1.823
343.15 100.0 0.786 0.741 0.719 0.722 0.787 1.530 1.382 1.811
348.15 100.0 0.784 0.739 0.717 0.719 0.784 1.025 1372 1.794
353.15 106.0 0.782 0.736 0.714 0.716 0.786 1.619 1.361 1.774
358.15 100.0 0.780 0.733 0.711 0.713 0.776 1512 1.349 1.752
363.15 100.0 0.777 0.73C 0.707 0.709 0.771 1.004 £.335 1.729
368.15 100.0 0.775 0.727 0.704 0.705 0.766 0.995 1.319 1.703
373.15 100.0 0.773 0.724 0.700 0.701 0.761 0.98¢6 1.303 1.676
383.15 100.0 0.767 0.718 0.693 0.692 0.742 0.965 1.267 1.619
393.15 100.0 0.762 0.711 0.685 0.682 0.736 0.942 1.228 1.558
398.15 100.0 0.759 0.707 0.680 0.677 0.729 0.930 1.208 1.526
403.15 100.0 0.756 0.704 0.676 0.672 0.722 0.917 1.187 1.494
413.15 1000 0.751 0.696 0.667 0.661 0.767 0.891 1.144 1.429
423.15 100.0 0.745 0.689 0.658 0.649 0.691 0.864 1.099 1.363
433.15 100.0 0.738 0.681 0.648 0.637 0.675 0.835 1.054 1.298
443.15 100.0 0.732 0.672 0.638 0.625 0.658 0.806 1.008 1.232
448.15 100.0 0.72% 0.668 0.633 0.619 0.649 0.791 0.985 1.206
453.15 100.0 0.725 0.664 0.628 0.612 0.640 0.776 0.962 1.168
463.15 100.0 0.718 0.655 0.617 0.599 0.622 0.745 0.916 1.105
473.15 160.0 0.711 0.646 0.606 0.585 0.604 0.715 0.876 1.043
498.15 100.0 0.692 0.622 0.578 0.550 9.556 0.638 0.759 0.8%0
523.15 100.0 0.671 0.596 0.547 0.513 0.507 9.561 3.652 0.761
548.15 160.0 0.649 0.568 0.514 0.474 0.457 3.486 0.551 0.639
573.15 160.0 0.624 0.537 0.479 0.433 0.405 3.414 0.458 0.533
598.15 i00.0 0.595 0.502 0.440 0.389 0.353 0.343 0.373 0.445

Tabic A-5. The calculated osmotic cocfficient, ¢, of NaBr{aq)

m [ molkg™!

TK pl MPz 0. 80.25 G.5 i0 2.0 4.0 6.0 8.0
273.15 0.1 0.937 0.927 0.926 0.937 0.588 1.541
278.15 0.1 0.938 $.929 0.930 0.944 2.999 1.545
283.15 0.1 0.938 0.931 0.933 0.949 5007 1.548
288.15 0.1 0.938 0.932 8.835 §.954 L.g15 1.551
293.15 0.1 0.93% 0.933 0.937 0.957 1.021 1.553
298.15 01 $.939 0.933 0.938 0.960 1.026 1.553
303.15 0.1 0.938 0.934 0.939 0.963 1.031 1.553
308.15 &.1 2.938 0.934 0.946 0.965 1034 1.552
31315 HA 3.938 0.934 0.941 3.966 10T 1.55¢

Chans. §
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Table A-5. The calculated osmotic coefficient, $, of NaBr{ag) — Continued

m [ mobkg™?

TK pl MPa 01 0.25 0.5 1.0 26 40 6.0 8.0
318.15 0.1 0.937 0.933 0.94% 0.967 1.039 1217 1.394 1.548
323.15 0.1 0.957 0.933 6.941 0.968 1.041 1.219 1.394 1.545
328,15 0.1 0.Y36 U.933 0.941 0.968 102 1.220 1.393 1541
333.15 6.1 0.936 0.932 0.540 0.969 1643 1.220 1392 1.536
338.15 0.1 0.935 0.931 0.940 0.965 1.044 1.220 1.390 1.53
343.15 0.1 0.934 0.93 0.939 0.968 1.044 1219 1.387 1.525
348.15 0.1 0.933 0.936 0.939 0.968 1043 1218 1.384 1519
353.15 0.1 0.932 0.92 0.938 0.967 1.063 1217 1.380 1512
358.15 8.1 0.932 0.928 0.937 0.966 1.042 1215 1376 1.505
363.15 0.1 0.931 0.527 0.935 0.965 1.041 1212 1371 1.498
368.15 6.1 0.930 0.925 0.934 0.954 1.039 1.209 1.366 1.450
373.15 0.1 0.929 0.924 0.933 0.962 1037 1.206 1.361 1.481
383.15 0.1 0.926 0.921 0.936 0.959 1.033 1.199 1349 1.464
393.15 02 0.924 6.918 0.926 0.955 1.028 1.190 1335 1.445
398.15 0.2 0.923 0.917 0.925 0.953 1025 1185 1328 1.436
403.15 03 0.921 0.915 0.923 9.951 1022 1.180 1321 1.426
413.15 0.4 0.919 0.912 0.918 0.946 1016 1.169 1.305 1.405
423.15 0.5 0.916 0.908 0.914 0.940 1.008 1.157 1.288 1.383
433.15 0.6 0.913 0.904 £.509 0.934 1680 1.144 1.270 1.361
443.15 0.8 0.909 0.900 0.904 0.928 0.991 1.129 1.251 1.338
448.15 0.9 0.908 6.897 0.901 0.924 0.986 1.122 1241 1.326
453.15 18 0.906 0.895 £.898 0.921 2.981 1114 1231 1314
463.15 13 0.902 0.890 0.892 0913 0.97 1.098 1216 1.289
473.15 16 0.898 0.885 0.886 0.905 6.959 1.081 1.188 1.264
498.15 25 0.887 0.870 0.867 0.882 0.927 1.033 1.127 1.197
523.15 4.0 0.873 0.851 0.845 0.853 0.889 0.976 1.059 1.123
548.15 59 0.855 0.828 0.816 0.818 0.910 0.980 1.042
573.15 8.6 0.831 0.796 0.779 0.773 0.830 0.889 0.953
598.15 12.0 0.795 0.750 0.725 0.711 0.732 0.783 0.860
273.15 10.0 3.938 0.928 0.928 0.940 1.152 1.343 1.335
278.15 10.0 0.938 0.936 0.931 0.946 1.167 1354 1.540
283.15 10.0 0.939 0.932 0.934 0.951 1.178 1.364 1.544
288.15 10.0 0.939 0.933 0.936 0.955 1.188 1373 1.548
203.15 10.0 £.939 0.934 0.938 0.959 1.196 1379 1.550
298.15 10.0 0.939 0.934 0.940 0.962 1.202 1385 1.552
303.15 10.0 0.939 0.934 0.941 0.964 1.208 1.389 1.552
308.15 10.0 0.939 0.935 0.941 0.966 . 1212 1.392 1.552
313.15 10.0 0.938 0.934 0.942 0.967 1039 1216 1394 1.550
318.15 10.0 0.938 £.934 0.942 0.969 1.041 1.218 1395 1.548
323.15 10.0 0.937 0.934 0.942 0.969 1.043 1220 1395 1.545
328.15 10.0 0537 0.933 0.942 0.970 1.644 1221 1395 1.541
33315 100 0.936 0.933 0.941 0970 1045 1222 1393 1.537
338.15 10.0 0.935 0.932 0.941 0.970 1.045 1222 1391 1532
343.15 10.0 0.935 0.931 0.940 0.576 1.045 1221 1.389 1.527
348.15 10.0 0.934 0.930 0.940 0.969 1.045 1.220 1.386 1521
353.15 10.0 0.933 0.930 £.93¢ 6.968 1644 1218 1.382 1514
358.15 10.0 0.932 0.929 0.938 0.967 1.043 1217 1.378 1.507
363.15 10.0 0.931 0.927 0.937 0.966 1.042 1.214 1374 1.500
368.15 106 0.930 0.926 0.935 0.965 1.041 1211 1.369 1.492
373.15 10.0 0.929 0.925 0.934 0.964 1039 1.208 1363 1.484
383.15 10.0 0.927 0.922 0.931 0.961 1.035 1.201 1352 1.467
393.15 10.6 0925 0.519 0.928 0.957 1030 1192 1338 1.449
398.15 10.0 0.924 0.918 0.926 0.955 1027 £.188 1331 1.440
403.15 10.0 0.922 0.916 0.924 0.952 1.024 1.183 1.324 1.430
413.15 10.0 0.920 0.913 0.920 £.548 1018 1172 1309 1.410
423.15 10.0 0.9 0.90 9.916 0.942 1012 1160 1292 1.38
433.15 10.0 0.914 0.905 0.911 0.936 1.003 1.147 1275 1.367
443.15 10.0 0.911 6.901 0.906 0.930 0.994 1.133 1.256 1.345
448.15 10.0 0.909 0.899 0.903 0.927 0.989 1.126 1.246 1.333
453.15 10.0 0.907 0.897 0.906 0.923 0.984 1119 1237 1322
463.15 10.0 0.90¢ 0.892 0.916 0.974 1.103 1.216 1.298
473.15 10.0 0.900 0.887 2.508 6.953 1.086 1.194 1273
498.15 10.0 c.82 0.872 0.885 232 ¢ 1.207
523.15 ‘ £.875 6.85¢4 1

548.15 fi.R87 N.831 i
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‘Table A-5. 'the calculated osmotic coetticient, ¢, of NaBr(aq) — Continued
m [ molkg™!

T/K p/ MPa 0.1 0.25 0.5 1.0 20 4.0 6.0 8.0
573.15 10.0 0.832 0.798 0.781 0.776 0.787 0.834 0.894 0.959
273.15 250 0.939 0.930 0.930 0.944 0.997 1.158 1.342 1.525
278.15 25.0 0.939 0.932 0.934 0.949 1.006 1.170 1.354 1.532
283.15 250 0.940 0.933 0.936 0.954 1.014 1.181 1.364 1.538
288.15 25.0 0.940 0.934 0.938 0.958 1.021 1.191 1.373 1.543
293.15 25.0 0.940 0.935 0.940 0.961 1.026 1.198 1.380 1.547
298.15 250 0.940 0.935 0.941 0.964 1.031 1.205 1.386 1.549
303.15 25.0 0.940 0.936 0.942 0.966 1.035 1.210 1.390 1.550
308.15 25.0 0.939 0.936 0.943 0.968 1.038 1.215 1.393 1.550
313.15 25.0 0.939 0.936 0.943 0.969 1.041 1.218 1.395 1.550
318.15 25.0 0.939 0.935 0.943 0.970 1.043 1.221 1.396 1.548
323.15 250 0.938 0.935 0.943 0.971 1.045 1.222 1.397 1.545
328.15 250 0.938 0.935 0.943 0.972 1.046 1.224 1.396 1.542
333.15 25.0 0.937 0.934 0.943 0.972 1.047 1.224 1.395 1.538
338.15 250 0.936 0.933 0.942 0.972 1.047 1.224 1.394 1.534
343.15 25.0 0.936 0.933 0.942 0.971 1.047 1.224 1.391 1.529
348.15 250 0.935 0.932 0.941 0.971 1.047 1.223 1.388 1.523
353.15 25.0 0.934 0.931 0.940 0.970 1.047 1.221 1.385 1.517
358.15 25.0 0.933 0.930 0.939 0.969 1.046 1.219 1.381 1.511
363.15 25.0 0.932 0.929 0.938 0.968 1.045 1.217 1377 1.504
368.15 25.0 0.931 0.928 0.937 0.967 1.043 1214 1372 1.496
373.15 25.0 0.930 0.926 0.936 0.966 1.042 1211 1.367 1.489
383.15 25.0 0.928 0.924 0.933 0.963 1.038 1.204 1.356 1472
393.15 25.0 0.926 0.921 0.930 0.959 1.033 1.196 1.343 1.455
398.15 25.0 0.925 0.920 0.928 0.957 1.030 1.191 1.336 1.446
403.15 250 0.924 0.918 0.926 0.955 1.027 1.187 1.329 1.437
413.15 25.0 0.921 0.915 0.922 0.950 1.021 1.176 1.314 1417
423.15 25.0 0.918 0.911 0.918 0.945 1.014 1.165 1.298 1.397
433.15 25.0 0.915 0.907 0.914 0.940 1.006 1.153 1.282 1.377
443.15 250 0.912 0.903 0.909 0.934 0.998 1.139 1.264 1.355
448.15 25.0 0911 0.901 0.906 0.930 0.994 1.132 1.255 1.344
453.15 250 0.909 0.899 0.904 0.927 0.989 1.125 1.245 1.333
463.15 25.0 0.906 0.895 0.898 0.920 0.979 1.110 1.226 1.311
473.15 25.0 0.902 0.890 0.892 0.913 0.969 1.094 1.206 1.287
498.15 250 0.852 0.876 0.876 0.892 0.940 1.050 1.150 1.227
523.15 250 0.880 0.860 0.856 0.866 0.905 0.999 1.088 1.162
548.15 25.0 0.864 0.840 0.831 0.836 0.864 0.939 1.018 1.091
573.15 25.0 0.845 0.814 0.800 0.798 0.814 0.868 0.938 1.016
598.15 25.0 0.817 0.778 0.757 0.748 0.751 0.783 0.846 0.942
273.15 50.0 0.940 0.933 0.934 0.949 1.005 1.164 1.340 1.509
278.15 50.0 0.941 0.934 0.937 0.955 1.013 1.176 1.353 1.520
283.13 50.0 0.941 0.936 0.940 0.959 1.020 1.186 1.364 1.528
288.15 50.0 0.941 0.937 0.941 0.962 1.026 1.195 1.373 1.535
293.15 50.0 0.941 0.937 0.943 0.965 1.031 1.203 1.381 1.541
298.15 50.0 0.941 0.937 0.944 0.968 1.036 1.209 1.387 1.544
303.15 50.0 0.941 0.938 0.945 0.970 1.039 1.214 1.391 1.547
308.15 50.0 0.941 0.938 0.945 0.971 1.042 1.218 1.395 1.548
313.15 50.0 0.940 0.937 0.946 0.973 1.045 1.222 1.397 1.548
318.15 50.0 0.940 0.937 0.946 0.973 1.047 1.224 1.399 1.547
323.15 50.0 0.939 0.937 0.946 0.974 1.048 1.226 1.399 1.546
328.15 50.0 0.939 0.936 0.946 0.974 1.050 1.227 1.399 1.543
333.15 50.0 0.938 0.936 0.945 0.975 1.050 1.228 1.398 1.540
338.15 50.0 0.938 0.935 0.945 0.975 1.051 1.228 1.397 1.536
343.15 50.0 0.937 0.934 0.944 0.974 1.051 1.227 1.395 1.532
348.15 50.0 0.936 0.934 0.943 0.974 1.050 1.226 1.392 1.527
353.15 50.0 0.935 0.933 0.943 0.973 1.050 1.225 1.389 1.521
358.15 50.0 0.935 0.932 0.942 0.972 1.049 1.223 1.385 1.515
363.15 50.0 0.934 0.931 0.941 0.971 1.048 1.221 1.381 1.509
368.15 50.0 0.933 0.930 0.939 0.970 1.047 1.218 1.377 1.502
373.15 50.0 0.932 0.928 0.938 0.969 1.045 1.216 1.372 1.495
383.15 50.0 0.9306 0.926 0.936 0.966 1.041 1.209 1.361 1.480
393.15 50.0 0.928 0.923 0.932 0.962 1.037 1.201 1.350 1.463
398.15 50.5 0.927 0.922 0.931 0.961 1.034 1.197 1.343 1.455
403.15 50.0 0.925 0.920 0.929 $.959 1.032 1192 1.337 1.446
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Table A-5. The calculated osmotic coefficient, ¢, of NaBr(aq) — Continued

m { molkg™*

TK pl/ MPa 0.1 0.25 05 1.0 2.0 4.0 6.0 8.0
413.15 50.0 0.923 0.917 0.925 0.954 1.026 1.183 1.323 1.428
423.15 50.0 0.921 0.914 0.922 0.949 1.019 1.172 1.308 1.410
433.15 50.0 0.918 0911 0.917 0.944 1.012 1.160 1.292 1.390
443.15 50.0 0.915 0.907 0.913 0.939 1.004 1.148 1.276 1371
448.15 50.0 0.914 0.905 0.910 0.936 1.000 1.142 1.267 1.361
453.15 50.0 0.912 0.903 0.908 0.932 0.996 1.135 1.258 1.350
463.15 50.0 0.909 0.899 0.903 0.926 0.987 1.121 1.240 1.330
473.15 50.0 0.906 0.894 0.898 0.919 0.977 1.106 1222 1.309
498.15 50.0 0.896 0.882 0.883 0.900 0.951 1.066 1171 1.255
523.15 50.0 0.886 0.868 0.865 0.878 0.920 1.020 1.116 1.198
548.15 50.0 0.873 0.851 0.845 0.852 0.884 0.967 1.056 1.141
573.15 50.0 0.858 0.831 0.820 0.822 0.843 0.908 0.990 1.084
598.15 50.0 0.838 0.805 0.789 0.785 0.795 0.839 0.920 1.041
273.15 75.0 0.942 0.935 0.938 0.955 1.012 1.169 1.339 1.494
278.15 75.0 0.942 0.937 0.941 0.959 1.019 1.181 1352 1.508
283.15 75.0 0.942 0.938 0.943 0.963 1.025 1.191 1.363 1.519
288.15 750 0.943 0.939 0.944 0.966 1.031 1.199 1373 1.528
293.15 75.0 0.943 0.939 0.946 0969 1.036 1.206 1381 1.534
298.15 75.0 0.942 0.939 0.947 0.971 1.040 1.212 1.387 1.540
303.15 75.0 0.942 0.939 0.947 0.973 1.043 1.217 1.392 1.543
308.15 75.0 0.942 0.939 0.948 0.974 1.046 1.221 1.396 1.546
313.15 750 0.942 0.939 0.948 0978 1.048 1.225 1.308 1.547
318.15 75.0 0.941 0.939 0.948 0.976 1.050 1.227 1.400 1.547
323.15 75.0 0.941 0.939 0.948 0.977 1.052 1.229 1.401 1.546
328.15 75.0 0.940 0.938 0.948 0.977 1.053 1.230 1.401 1.544
333.15 75.0 0.940 0.938 0.947 0.977 1.053 1.231 1.401 1.541
338.15 75.0 0.939 0.937 0.947 0.977 1.054 1.231 1.399 1.538
343.15 75.0 0.938 0.936 0.946 0.977 1.054 1.230 1.398 1.534
348.15 75.0 0.938 0.935 0.946 0.976 1.053 1.229 1.395 1.530
353.15 75.0 0.937 0.934 0.945 0.976 1.053 1.228 1.392 1.525
358.15 75.0 0.936 0.934 0.944 0.975 1.052 1.227 1.389 1.519
363.15 75.0 0.935 0.933 0.943 0.974 1.051 1.224 1.385 1.513
368.15 75.0 0.934 0.931 0.942 0.973 1.050 1.222 1.381 1.507
373.15 75.0 0.933 0.930 0.941 0.972 1.048 1.219 1.377 1.500
383.15 75.0 0.931 0.928 0.938 0.969 1.045 1.213 1.367 1.486
393.15 75.0 0.929 0.925 0.935 0.965 1.041 1.206 1.355 1471
398.15 75.0 0.928 0.924 0.933 0.964 1.038 1.202 1.349 1.463
403.15 75.0 0.927 0.923 0.932 0.962 1.036 1.197 1.343 1.455
413.15 75.0 0.925 0.920 0.928 0.958 1.030 1.188 1.330 1.438
423.15 75.0 0.922 0.917 0.925 0.953 1.024 1.178 1.316 1.420
433.15 75.0 0.920 0.913 0.921 0.948 1.017 1.167 1.301 1.402
443.15 75.0 0.917 0.910 0.916 0.943 1.010 1.156 1.286 1.384
448.15 75.0 0.916 0.908 0.914 0.940 1.006 1.149 1.278 1.375
453.15 75.0 0.914 0.906 0.912 0.937 1.002 1.143 1.270 1.365
463.15 750 0.912 0.902 0.907 0.931 0.994 1.130 1.253 1.346
473.13 75.0 0.908 0.898 0.902 0.925 0.985 1.116 1.235 1.327
498.15 75.0 0.900 0.887 0.888 0.907 0.960 1.079 1.189 1.278
523.15 75.0 0.891 0.874 0.873 0.887 0.932 1.037 1.139 1229
548.15 75.0 0.880 0.860 0.855 0.864 0.900 0.950 1.086 1.180
573.15 750 0.867 0.842 0.833 0.838 0.864 0.937 1.029 1.136
598.15 75.0 0.851 0.821 0.808 0.807 0.822 0.877 0.971 1.110
273.15 100.0 0.943 0.938 0.941 0.960 1.018 1.174 1336 1479
278.15 100.0 0.944 0.939 0.944 0.964 1.024 1.185 1.350 1.496
283.15 100.0 0.944 0.940 0.946 0.967 1.030 1.194 1.362 1.509
288.15 100.0 0.944 0.941 0.947 0.970 1.035 1.202 1.372 1.520
293.15 100.0 0.944 0.941 0.948 0.972 1.040 1.209 1.380 1.528
298.15 100.0 0.944 0.941 0.949 0.974 1.043 1.215 1.387 1.535
303.15 100.0 0.943 0.941 0.950 0.976 1.046 1.220 1.392 1.539
308.15 100.0 0.943 0.941 0.950 0.977 1.049 1.224 1.396 1.543
313.15 100.0 0.943 0.941 0.950 0.978 1.051 1.227 1.399 1.545
318.15 100.0 0.942 0.941 0.950 0.979 1.053 1.230 1.401 1.545
323.15 100.0 0.942 0.940 0.950 0.979 1.054 1.231 1.402 1.545
328.15 100.0 0941 0.940 0.950 0.980 1.055 1.233 1.403 1.544
333.15 100.0 0.941 0.939 0.949 0.980 1.056 1.233 1.402 1.542
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Table A-5. The calculated osmotic coefficient, ¢, of NaBr(ag) — Continued
m [ molkg™!

TK pl/ MPa 0.1 0.25 0.5 1.0 2.0 4.0 6.0 8.0
338.15 100.0 0.940 0.938 0.949 0.979 1.056 1.233 1.401 1.539
343.15 100.0 0.939 0.938 0.948 0.979 1.056 1.233 1.400 1.536
348.15 100.0 0.939 0.937 0.948 0.979 1.056 - 1.232 1.398 1.532
353.15 100.0 0.938 0.936 0.947 0.978 1.055 1.231 1.395 1.527
358.15 100.0 0.937 0.935 0.946 0.977 1.055 1.229 1.392 1.522
363.15 100.0 0.936 0.934 0.945 0.976 1.054 1.228 1.389 1.517
368.15 100.0 0.935 0.933 0.944 0.975 1.053 1.225 1.385 1.511
373.15 1000 0.935 0.932 0.943 0.974 1.051 1.223 1.380 1.505
383.15 100.0 0.933 0.930 0.940 0.971 1.048 1.217 1.371 1.492
393.15 100.0 0.931 0.927 0.937 0.968 1.044 1.210 1.360 1.477
398.15 100.0 0.930 0.926 0.936 0.966 1.041 1.206 1.355 1.470
403.15 100.0 0.929 0.925 0.934 0.965 1.039 1.202 1.349 1.462
413.15 100.0 0.927 0.922 0.931 0.961 1.034 1.193 1.336 1.446
423.15 100.0 0.924 0.919 0.927 0.956 1.028 1.183 1.323 1.430
433,15 100.0 0.922 0916 0.923 0.952 1.021 1.173 1.309 1.413
443.15 100.0 0.919 0.912 0.919 0.946 1.014 1.162 1.295 1.396
448.15 100.0 0918 0.911 0917 0.944 1.011 1.156 1.287 1.387
45315 100.0 0917 0.909 0.915 0.941 1.007 1.150 1279 1379
463.15 100.0 0914 0.905 0911 0.935 0.999 1.138 1.264 1.361
473.15 100.0 0911 0.901 0.906 0.930 0.991 1.125 1.247 1.343
498.15 100.0 0.903 0.891 0.893 0.913 0.968 1.090 1.205 1.299
523.15 100.0 0.894 0.879 0.879 0.895 0.942 1.051 1.159 1.255
548.15 100.0 0.884 0.866 0.862 0.874 0.912 1.008 1.116 1.213
573.15 100.0 0.873 0.851 0.843 0.850 0.879 0.959 1.060 1.178
598.15 100.0 0.859 0.832 0.821 0.823 0.842 0.906 1.010 1.163

Table A-6. The calculated apparent molar volume of NaBr(aq), Vs / em*mol ™!
m [ molkg™*

T/K p! MPa 0.0 0.1 0.25 0.5 1.0 2.0 4.0 8.0
273.15 0.1 19.6 20.1 20.5 21.0 21.7 229 245 264
278.15 0.1 20.7 213 216 22.1 22.7 23.7 25.1 26.8
283.15 0.1 21.6 222 225 229 23.5 24.4 25.7 271
288.15 0.1 224 22.9 233 23.7 24.2 25.0 26.1 274
293.15 0.1 23.0 23.5 239 24.2 24.8 25.5 26.5 2717
298.15 0.1 23.5 24.0 244 24.7 25.2 259 26.9 279
303.15 0.1 23.9 24.5 248 25.1 25.6 7263 271 28.1
308.15 0.1 242 24.8 25.1 25.5 26.0 26.6 274 28.3
313.15 0.1 24.5 251 254 25.8 26.2 26.8 27.6 285
318.15 0.1 24.7 25.3 25.7 26.0 26.5 27.1 27.8 28.7
32315 01 248 2558 259 26.2 26.7 27.2 28.0 2.8
328.15 0.1 25.0 257 26.0 26.4 26.8 274 28.1 289
333.15 0.1 25.0 25.8 26.1 26.5 26.9 27.5 28.2 29.0
338.15 0.1 25.0 25.8 26.2 26.6 270 27.6 28.3 201
343.15 0.1 250 25.8 26.2 26.6 271 27.7 28.4 202
348.15 0.1 250 25.8 26.2 26.6 271 27.7 28.4 29.2
353.15 0.1 249 25.8 26.2 26.6 27.1 27.7 284 293
358.15 0.1 24.8 25.7 26.1 26.6 27.1 27.7 8.4 203
363.15 0.1 214.6 25.6 26.1 26.5 27.0 277 284 293
368.15 0.1 24.5 25.5 25.9 26.4 26.9 27.6 T8 29.4
373.15 0.1 242 253 25.8 26.3 26.8 275 8.3 29.3
383.15 0.1 23.7 249 254 25.9 26.5 273 2R 293
393,15 0.2 23.0 24.3 24.9 25.5 26.1 27.0 279 29.2
398.15 02 22.6 24.0 24.6 25.2 259 26.8 7.8 29.1
403.15 03 221 23.6 243 249 25.6 20.5 276 29.0
413.15 0.4 21.0 1227 23.5 242 25.0 2060 272 28.8
423.15 0.5 19.8 21.7 22.5 23.3 24.2 254 0.7 28.6
433.15 0.6 18.3 20.5 214 22.3 233 REX¢ 26.1 28.2
443,15 0.8 16.5 19.0 20.1 21.0 222 237 254 27.8
448.15 0.9 15.6 18.2 19.3 204 216 231 250 27.6
453.13 1.0 145 17.3 18.5 19.¢ e J2b 24.0 274
463.15 13 120 153 16.6 17.9 jes 203 237 26.8
473.15 1.6 5.1 12.9 145 IRR] ” [RY 22.5 262
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Table A-6. The calculated apparent molar volume of NaBr(aq), V; / cm>mol~!

DONALD G. ARCHER

m [ molkg™!

T/K p/ MPa 0.0 0.1 0.25 0.5 1.0 20 4.0 8.0
498.15 25 -0.7 4.8 71 93 118 15.0 189 24.0
523.15 4.0 -16.6 -8.0 —~44 -1.1 29 7.6 134 210
523.15 40 -16.6 -80 -44 -1.1 29 1.6 134 210
548.15 59 —43.8 -29.5 ~235 —-18.0 -115 -39 52 16.5
573.15 8.6 ~96.4 —-69.8 ~58.8 —48.6 -36.8 -23.2 -179 99
273.15 10.0 20.1 20.7 21.0 21.5 222 233 249 26.7
278.15 10.0 212 21.7 22.1 225 231 4.1 254 27.0
283.15 10.0 221 226 229 233 239 248 260 273
288.15 10.0 228 233 23.6 24.0 4.5 253 26.4 27.6
293.15 10.0 233 239 242 24.6 251 25.8 26.8 279
298.15 10.0 238 244 24.7 250 25.5 26.2 271 28.1
303.15 10.0 24.2 24.8 25.1 254 259 26.5 274 283
308.15 10.0 24.5 25.1 254 258 26.2 26.8 276 285
313.15 10.0 24.8 254 25.7 26.1 26.5 27.1 27.8 28.6
318.15 10.0 25.0 25.6 259 26.3 26.7 2713 28.0 28.8
323.15 100 25.1 258 26.1 265 269 215 282 289
328.15 10.0 253 25.9 26.3 26.6 271 27.6 28.3 29.1
333.15 10.0 253 26.0 264 26.7 272 21.7 284 29.2
338.15 10.0 254 26.1 26.5 26.8 273 278 28.5 29.2
343.15 10.0 254 26.1 26.5 26.9 273 279 28.5 29.3
348.15 10.0 253 26.1 26.5 26.9 274 279 28.6 294
353.15 10.0 253 26.1 26.5 26.9 274 27.9 28.6 294
358.15 10.0 25.1 26.0 26.4 26.8 273 279 28.6 29.5
363.15 10.0 25.0 259 26.4 26.8 273 279 28.6 29.5
368.15 100 24.8 258 26.3 26.7 272 278 28.6 29.5
373.15 10.0 24.6 25.7 26.1 26.6 271 278 28.5 29.5
383.15 10.0 241 253 25.8 26.3 269 27.6 28.4 29.5
393.15 10.0 235 24.8 253 25.9 26.5 213 28.2 294
398.15 10.0 23.1 245 25.0 25.6 26.3 27.1 28.1 293
403.15 10.0 22.7 24.1 24.7 253 26.0 26.9 279 29.2
413.15 10.0 21.7 233 24.0 24.7 254 26.4 27.5 29.0
423.15 10.0 20.6 224 23.1 23.9 24.7 25.8 271 28.8
433.15 10.0 19.2 21.2 22.1 229 239 25.1 26.5 285
443.15 10.0 17.6 19.9 20.9 21.8 229 242 259 282
448.15 10.0 16.7 19.2 20.2 212 224 238 255 279
453.15 10.0 15.7 18.4 19.5 20.5 21.7 233 25.2 27.7
463.15 10.0 13.5 16.5 17.8 19.0 204 221 243 272
473.15 10.0 10.9 14.3 15.8 17.1 18.8 20.8 232 26.6
498.15 10.0 19 7.0 9.1 11.0 13.4 16.3 199 24.7
523.15 10.0 -12.5 -4.7 -15 1.5 5.1 94 14.8 21.8
523.15 10.0 -12.5 —4.7 -15 15 5.1 9.4 14.8 218
548.15 100 —378 -248 -194 —144 —85 -15 69 174
573.15 10.0 -90.7 —65.5 -55.1 —-454 -34.2 -21.3 -6.7 10.5
273.15 25.0 20.8 214 21.7 222 229 239 254 270
278.15 25.0 21.8 224 227 231 23.7 24.6 259 273
283.15 25.0 22.6 23.2 23.5 239 244 25.2 26.4 27.6
288.15 25.0 233 238 24.1 245 250 25.8 26.8 219
293.15 250 23.8 244 24.7 25.0 255 26,2 271 28.1
298.15 25.0 243 24.8 25.1 25.5 259 26.6 274 283
303.15 250 24.7 25.2 255 259 26.3 26.9 277 28.5
308.15 25.0 25.0 255 258 26.2 26.6 272 219 28.7
313.15 25.0 252 25.8 26.1 26.4 269 274 281 289
318.15 250 254 26.0 26.3 26.7 27.1 27.6 283 29.0
323.15 25.0 25.6 26.2 26.5 26.8 273 27.8 284 29.1
328.15 25.0 25.7 26.3 26.7 27.0 274 279 28.5 29.2
333.15 25.0 25.8 264 26.8 271 215 28.0 28.7 29.3
338.15 25.0 25.8 26.5 26.8 27.2 276 28.1 28.7 294
343.15 250 25.8 26.5 26.9 27.2 217 282 28.8 295
348.15 25.0 258 26.5 269 273 21.7 282 28.8 29.6
353.15 25.0 25.7 26.5 26.9 273 27.7 28.2 28.9 29.6
358.15 25.0 25.6 26.5 26.9 27.2 27.7 28.2 28.9 29.6
363.15 25.0 25.5 26.4 26.8 272 27.7 28.2 289 29.7
368.15 25.0 25.4 26.3 26.7 271 27.6 28.2 289 29.7
373.15 25.0 25.2 26.2 26.6 210 27.5 28.1 28.8 29.7
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Table A-6. The calculated apparent molar volume of NaBr{ag), V, / cm®mol~! — Continued

m [ molkg™!

T/K p! MPa 0.6 Q1 0.25 9.5 1.0 20 40 8.0
383.15 250 24.8 258 26.3 268 273 279 28.7 207
393.15 25.0 242 254 259 264 27.0 277 285 29.6
398.15 25.0 23.9 25.1 25.7 26.2 268 275 284 29.6
403.15 25.0 235 248 254 25.9 26.6 27.3 28.3 29.5
413.15 25.0 226 241 24.8 253 26.1 26.9 28.0 29.3
423.15 25.0 21.6 233 249 24.7 254 26.4 27.6 29.1
433.15 25.0 20.5 223 231 238 24.7 258 271 289
443.15 25.0 19.1 212 220 229 239 25.1 26.6 28.6
448.15 25.0 18.3 205 21.5 223 234 24.7 26.2 284
453.15 2590 175 19.8 20.8 21.7 229 242 259 28.2
463.15 250 15.6 18.3 19.4 20.4 21.7 232 25.2 278
473.15 250 134 185 17.7 18.9 203 221 243 213
498.15 25.0 6.2 10.5 123 145 159 18.4 215 257
523.15 250 —4.7 16 4.2 6.6 9.5 13.0 175 235
523.15 250 -4 1.5 4.2 0.6 9.5 130 175 23.5
548.15 250 -22.2 -12.4 ~8.4 -4.7 ~0.3 50 11.6 20.1
573.15 259 -52.3 -~ 36.1 -294 -23.2 ~159 -74 26 15.1
273.15 500 219 225 22.8 232 238 24.8 26.1 27.6
278.15 56.0 22.8 23.3 237 240 24.6 254 26.6 278
283.15 50.9 235 24.0 243 247 25.2 260 27.0 28.1
288.15 500 241 24.6 245 253 25.7 264 273 28.3
203.15 50.8 24.6 2353 234 25.7 26.2 26.8 27.6 285
268.15 30.6 255 25.5 238 26.1 266 27.1 27.9 28.7
303.15 56.6 233 25.9 26.2 26.5 26.9 27.4 28.1 28.9
308.15 560 25.8 26.2 20.5 26.8 27.2 277 28.3 29.0
313.15 500 259 26.4 26.7 279 274 279 28.5 292
318.15 50.9 26.0 266 26. 27.2 276 28.1 28.7 29.3
323.15 50.5 252 26.8 271 27.4 278 282 288 294
328.15 50.0 26.3 26.9 27.2 275 279 28.4 28.9 29.5
333.15 5.0 26.4 27.0 273 27.6 28.0 28.5 29.0 29.6
338.15 50.0 26.4 271 274 27.7 28.1 28.6 29.1 29.7
343.15 56.0 264 271 27.5 27.8 28.2 28.6 29.2 29.8
348.135 50.8 26.4 2.8 27.5 27.8 282 28.7 29.2 298
353.15 5638 264 27.1 275 27.8 28.2 28.7 29.3 29.9
358.15 56.0 26.3 27.1 27.5 278 28.2 28.7 293 299
363.15 56.0 26.2 271 7.4 278 28.2 28.7 293 29.9
368.13 50.0 26.1 278 274 27.7 28.2 28.7 293 30,0
373.15 50.0 26.0 269 273 27.6 .1 28.6 29.2 30.0
383.15 50.8 25.6 26.6 276 274 279 28.5 292 300
393.15 50.6 25.2 26.2 267 271 217 283 29.6 299
398.15 500 245 280 265 27.0 27.5 28.1 28.9 299
403.15 30.0 24.0 258 26.3 20.8 273 28.6 23.8 258
413.15 50,0 239 25.2 25.8 26.3 269 27.7 28.6 2.7
423.15 56.G 23.1 245 25.1 25.7 264 272 28.2 29.6
433.15 50.0 228 23.7 24.4 25.1 258 26.7 279 294
443.15 30.¢ 23.6 22.8 2358 24.3 25.1 26.1 27.4 29.2
448.15 50.0 20.4 223 231 238 24.7 2538 27.2 29.0
453.15 5C.0 19.8 2i8 226 234 243 255 269 289
463.15 50.0 i8.2 205 215 223 234 247 26.3 28.6
473.15 50.0 16.6 [RA 2.2 21.2 22.3 23.8 25.6 28.2

56.0 113 4.9 i6.1 i74 9.0 2i.6 23.5 270
50.0 3.6 8.4 183 122 144 17.1 20.6 25.4
508 3.6 8.4 10.3 122 144 i71 206 254
56.3 -7.4 —-0.5 2.2 4.8 7.9 1.7 1635 23.2
56.6 -23.% -13.7 ~-5.6 -5.8 -13 42 1.0 20.8
75.0 225 3.4 23.9 24.1 247 25.5 26.7 28.0
758 23.7 24.2 24.5 24.8 253 26.1 27.1 28.2
5.8 4.3 248 25.1 25.4 259 28.6 2735 284
5.8 24.8 253 25.5 253 264 216 278 28.6
75.8 25.2 25.8 26.0 26.3 26.8 27.3 28.1 28.8
75.8 258 25,1 26.4 26.7 271 27.6 28.3 29.0
75.8 25.% 285 267 274 274 279 285 20.1
TS5 26.7 278 273 217 28.1 28.7 29.3
3G 278 272 273 278 383 28¢ 2%9.4

T Dfmns, o= e AT ~ A . fuld
<, Phvs, Chem. Sef. Date, Yol 26, No. §, 7987
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Table A-6. The calculated apparent molar volume of NaBr(aq), V,, / em3mol~! — Continued

m [ mol'kg™?

TK p!/ MPa 0.0 0.1 0.25 0.5 1.0 20 4.0 8.0
328.15 75.0 26.8 274 27.7 28.0 283 28.8 293 298
333.15 75.0 26.9 275 27.8 281 285 289 294 29.8
338.15 75.0 270 276 279 28.2 28.5 29.0 29.4 29.9
343.15 75.0 27.0 27.6 219 282 28.6 29.0 295 30.0
348.15 75.0 270 217 280 283 28.6 29.1 29.5 30.0
353.15 75.0 27.0 277 28.0 28.3 28.7 29.1 29.6 30.1
358.15 75.0 269 217 28.0 28.3 28.7 29.1 29.6 30.1
363.15 75.0 26.9 27.6 280 283 28.7 29.1 29.6 30.2
368.15 75.0 268 27.6 279 282 28.6 29.1 29.6 30.2
373.15 75.0 26.7 27.5 278 28.2 28.6 291 29.6 30.2
383.15 75.0 26.4 272 27.6 280 284 289 29.5 30.2
393.15 75.0 26.0 26.9 274 27.8 282 28.8 294 302
398.15 75.0 25.7 26.8 272 27.6 28.1 28.7 293 30.2
403.15 75.0 25.5 26.6 270 274 279 28.5 29.2 30.1
413.15 75.0 249 26.1 26.6 27.0 276 282 29.0 30.0
42315 75.0 242 255 26.1 2.6 272 279 2R 8 299
433.15 75.0 234 249 25.5 26.0 26.7 275 284 29.8
443.15 75.0 22.5 24.1 24.7 254 26.1 27.0 281 29.6
448.15 75.0 220 237 244 25.0 258 26.7 219 29.5
453.15 75.0 218 232 239 246 254 264 277 204
463.15 75.0 203 222 23.0 23.8 24.7 25.8 272 29.1
473.15 75.0 19.0 21.1 220 22.8 238 25.0 26.6 288
498.15 75.0 147 17.6 18.7 19.8 21.1 22.8 24.9 279
523.15 75.0 9.0 12.8 14.4 15.8 17.6 108 226 26.7
523.15 75.0 9.0 12.8 144 15.8 17.6 19.8 22.6 26.7
548.15 75.0 11 6.4 85 10.5 12.8 15.8 19.7 251
573.15 75.0 -9.7 -24 0.6 33 6.6 10.6 15.7 229
273.15 100.0 23.8 242 24.5 249 254 262 273 28.4
27815 100.0 244 24.9 252 255 26.0 26.7 27.6 28.6
283.15 100.0 25.0 25.5 25.9 26.1 26.5 271 279 28.8
288.15 100.0 255 259 26.2 26.5 26.9 215 282 28.9
293.15 100.0 259 263 26.6 26.9 273 27.8 28.5 29.1
298.15 100.0 26.2 26.7 26.9 272 27.6 28.1 28.7 29.3
303.15 100.0 26.5 27.0 212 215 279 28.3 289 294
308.15 100.0 26.7 272 27.5 278 28.1 28.5 29.0 29.5
313.15 100.0 269 274 217 28.0 283 28.7 29.2 29.7
318.15 100.0 271 27.6 27.9 28.1 28.5 28.9 29.3 29.8
323.15 100.0 27.2 27.8 28.0 28.3 28.6 29.0 29.5 29.9
328.15 100.0 273 279 28.2 28.4 28.7 29.1 29.6 300
333.15 100.0 27.4 28.0 283 28.5 28.8 29.2 29.7 30.0
338.15 100.0 27.5 28.1 28.3 28.6 289 29.3 29.7 30.1
343.15 100.0 27.5 28.1 284 28.7 29.0 29.4 29.8 30.2
348.15 100.0 275 28.1 28.4 287 29.0 29.4 29.8 30.2
353.15 100.0 215 28.1 284 28.7 29.1 29.5 299 303
358.15 100.0 275 28.1 284 28.7 29.1 29.5 29.9 30.3
363.15 100.0 274 28.1 28.4 28.7 29.1 29.5 299 304
36815 100.0 273 281 284 287 29.0 295 299 N4
373.15 100.0 272 28.0 28.3 28.6 29.0 29.4 29.9 304
383.15 100.0 270 27.8 282 285 289 29.3 29.8 304
393.15 100.0 26.7 27.6 279 283 28.7 29.2 29.8 304
398.15 100.0 26.5 27.4 27.8 28.2 28.6 20.1 29.7 30.4
403.15 100.0 26.3 27.2 27.6 28.0 28.5 29.0 29.6 304
413.15 100.0 25.8 26.8 27.3 217 282 28.7 29.4 30.3
423.15 100.0 25.2 263 26.8 273 278 28.4 29.2 30.2
433.15 100.0 24.5 25.8 26.3 26.8 274 28.1 289 30.1
443.15 100.0 23.7 25.1 25.7 26.2 26.9 277 28.6 299
448.15 100.0 233 24.8 254 259 26.6 274 284 29.8
453.15 100.0 22.8 24.4 25.0 25.6 26.3 272 283 29.7
463.15 100.0 219 235 24.2 249 25.7 26.6 27.8 29.5
473.15 100.0 20.7 22.6 234 24.1 249 26.0 274 29.3
498.15 100.0 17.3 19.7 20.7 21.6 227 24.1 26.0 28.6
523.15 100.0 12.8 15.9 17.2 18.4 19.9 21.7 24.1 27.7
523.15 100.0 12.8 159 17.2 184 19.9 21.7 241 271.7
548.15 100.0 6.8 11.0 12.7 14.3 16.2 18.6 218 264
573.15 100.0 -1.0 4.6 6.9 9.0 11.5 14.7 18.8 24.8

J. Phvs. Chem. Ref. Data. Vol. 20. No. 3. 1991
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Table A-7. The caiculated density of NaBr(aqg). Units are kgm >

549

m [ molkg™!

TK p/ MPa 0.0 0.1 0.25 0.5 1.0 2.0 4.0 8.0
273.15 0.1 999.844 1008.10 1020.33 1040.36 1679.26 1152.91 1285.42 1504.91
278.15 0.1 999.970 1008.11 1020.17 1039.94 1078.35 1151.16 1282.62 1501.52
283.15 0.1 999.705 1007.76 1019.68 1039.22 1077.22 1149.32 1279.83 1497.97
288.15 0.1 999.103 1007.08 1018.88 1038.24 1075.88 1147.37 1277.01 1494.31
293.15 0.1 998.204 1006.11 1017.82 1037.01 1074.35 1145.31 1274.16 149059
298.15 0.1 997.041 1004.89 1016.51 1035.57 1072.64 1143.13 1271.26 1486.80
303.15 0.1 995.641 1003.44 1014.99 1033.92 1070.76 1140.82 1268.31 1482.97
308.15 0.1 994.023 1001.78 1013.26 1032.09 1068.72 1138.41 1265.29 1479.11
313.15 0.1 992.206 999.92 1011.35 1030.08 1066.53 1135.88 1262.21 1475.21
318.15 0.1 990.203 997.89 1009.26 1027.90 1064.19 1133.23 1259.06 1471.29
323.15 0.1 988.026 995.68 1007.01 1025.58 1061.71 1130.49 1255.85 1467.34
328.15 0.1 985.686 993.32 1004.60 1023.10 1059.11 1127.63 1252.58 1463.36
333.15 0.1 983.192 990.80 1002.05 1020.49 1056.38 1124.68 1249.24 1459.36
338.15 0.1 980.549 988.14 999.36 1017.74 1053.53 1121.63 1245.84 1455.33
343.15 0.1 9717.766 985.34 996.53 1014.87 1050.56 1118.48 1242.37 1451.27
348.15 0.1 974.847 982.40 993.57 1011.87 1047.47 1115.24 1238.84 1447.18
353.15 0.1 971,798 979.34 990.49 1008.75 1044.28 1111.90 123525 1443.07
358.15 0.1 968.621 976.16 987.29 1005.52 1040.99 1108.48 1231.59 1438.93
363.15 0.1 965.322 972.85 983.97 1002.17 1037.58 1104.97 122788 1434.76
368.15 0.1 961.903 969.42 980.53 998.71 1034.08 1101.37 1224.10 1430.55
373.15 0.1 958.367 965.89 976.98 995.15 1030.48 1097.69 1220.26 1426.32
383.15 0.1 950.970 958.49 969.57 987.72 1023.00 1090.10 1212.43 1417.77
393.15 0.2 943.132 950.66 961.75 979.89 1015.15 1082.19 1204.37 1409.10
398.15 0.2 939.051 946.58 957.68 975.82 1011.08 1078.12 1200.26 1404.71
403.15 0.3 934.864 942.40 953.51 971.66 1006.93 1073.98 1196.09 1400.29
413.15 0.4 926.169 933.73 944.86 963.04 998.35 1065.46 1187.60 1391.35
423.15 0.5 917.049 924.64 935.81 954.04 989.42 1056.64 1178.89 1382.28
433.15 0.6 907.499 915.14 926.35 944.64 980.14 1047.52 1169.98 1373.07
443.15 0.8 897.510 905.20 916.47 934.86 970.50 1038.11 1160.87 1363.74
448.15 0.9 892.347 900.07 911.38 929.81 965.54 1033.30 1156.24 1359.02
453.15 1.0 887.069 894.82 906.17 924.67 960.49 1028.41 1151.57 1354.27
463.15 13 876.159 883.99 895.43 914.06 950.11 1018.41 1142.07 1344.68
473.15 1.6 864.756 872.68 884.24 903.03 939.36 1008.10 1132.40 1334.96
498.15 2.5 833.879 842.12 854.07 873.41 910.69 980.99 1107.45 1310.12
523.15 4.0 799.045 807.78 820.32 840.52 879.25 951.90 1081.54 1284.45
523.15 4.0 799.045 807.78 820.32 840.52 879.25 951.90 1081.54 1284.45
548.15 59 759.142 768.67 782.16 803.70 844.65 920.80 1054.99 1257.71
573.15 8.6 712.233 723.16 738.28 762.07 806.65 888.20 1028.58 1228.99
273.15 10.0 1004.822 1013.06 1025.25 1045.22 1084.03 1157.45 1289.56 1508.47
278.15 10.0 1004.783 101291 1024.94 1044.66 1082.99 1155.62 1286.73 1505.09
283.15 10.0 1004.386 1012.42 1024.32 1043.83 1081.75 1153.70 1283.90 1501.57
288.15 10.0 1003.676 1011.64 1023.43 1042.75 1080.33 1151.69 1281.07 1497.94
293.15 10.0 1002.692 1010.59 1022.28 1041.45 1078.74 1149.58 1278.20 i494.24
298.15 10.0 1001.461 1009.30 1020.91 1039.94 1076.97 1147.36 1275.2¢ 1490.49
303.15 10.0 1000.008 1007.80 1019.34 1038.25 1075.05 1145.03 1272.33 1486.69
308.15 10.0 998.351 1005.10 1017.57 1036.38 1072.98 1142.59 1269.31 1482.86
313.15 10.0 996.506 1004.22 1015.63 1034.35 1070.76 1140.04 1266.23 1478.99
318.15 10.0 994.486 1002.17 1013.53 1032.16 1068.42 1137.40 1263.09 1475.10
323.15 10.0 992.302 999.95 1011.27 1029.83 1065.94 1134.65 1259.90 1471.18
328.15 10.0 989.962 997.59 1008.87 1027.35 1063.34 1131.81 1256.64 1467.24
333.15 100 987.476 995.08 1006.32 1024.75 1060.61 1128.87 1253.32 1463.27
338.15 10.0 984.849 992.43 1003.64 1022.02 1057.78 112583 1249.94 1459.28
343.15 10.0 982.089 989.65 1000.84 1019.17 1054.83 H2271 1246.50 1455.26
348.15 10.0 979.199 986.75 997.91 1016.20 1051.78 11949 1243.00 1451.21
353.15 10.0 976.184 983.72 994.86 1013.11 1048.62 111610 1239.44 1447.14
358.15 10.0 973.049 980.58 991.70 1009.92 1045.36 11i2.81 1235.83 1443.03
363.15 10.6 969.797 977.32 988.42 1006.62 1042.00 1109.34 1232.15 1438.90
368.15 10.0 966.431 973.94 985.04 1003.21 1038.55 1105.79 1228.42 1434.74
373.15 10.0 962.953 970.46 981.55 999.7¢ H)35.06 1i02.16 1224.63 1430.55
383.15 10.0 955.671 963.18 974.25 99238 1027.62 1094.66 1216.88 1422.08
393.15 10.0 955.48 966.55 084.67 1019.88 1086.86 1208.50 1413.47
398.15 16.0 962.55 980.67 1085.88 1082.84 1204.83 1409.12
403.15 10.0 7657 19117 1078.75 1200.7t 1404.73
413.15 10.0 a8, 1 MRS 1970.35 1192.3¢ 1395.85
423.15 10.6 994.5¢ 1261.65 1323.58 1386.82
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Table A-7. The calculated density of NaBr(aq). Units are kKgm > — Continued
m / molkg™!

TK p/ MPa 0.0 0.1 0.25 0.5 1.0 20 4.0 8.0
433.15 10.0 912.988 920.60 931.77 950.02 985.42 1052.65 1174.84 1377.64
443.15 10.0 903.189 910.84 922.07 940.39 975.93 1043.36 1165.80 1368.32
448.15 10.0 898.123 905.81 917.07 935.43 971.04 1038.59 1161.20 1363.60
453.15 10.0 892.944 900.66 911.95 930.37 966.06 1033.76 1156.54 1358.85
463.15 10.0 882.230 890.01 901.39 919.93 955.82 1023.85 1147.07 1349.22
473.15 10.0 871.019 878.88 890.36 909.04 945.19 1013.62 113740 1339.44
498.15 10.0 840.555 848.71 860.53 879.71 916.71 986.55 1112.27 1314.30
523.15 10.0 805.248 814.45 826.82 846.78 885.11 057.11 1085.81 1288.10
523.15 100 805.848 814.45 826.82 846.78 885.11 957.11 1085.81 1288.10
548.15 10.0 765.271 774.62 787.88 809.10 849.54 924.89 1058.05 1260.57
573.15 10.0 715.397 726.16 741.10 764.62 808.79 889.75 1029.54 1230.48
273.15 250 1012.149 1020.35 1032.50 1052.40 1091.05 1164.17 1295.72 1513.83
278.15 25.0 1011.876 1019.98 1031.98 1051.63 1089.83 1162.20 1292.83 1510.48
283.15 250 1011.288 1019.31 1031.18 1050.63 1088.45 1160.18 1289.97 1506.99
288.15 250 1010.425 1018.37 1030.13 1049.41 1086.91 1158.08 1287.10 1503.40
293.15 25.0 1009.316 1017.20 1028.87 1048.00 1085.21 1155.90 1284.20 1499.73
298.15 25.0 1007.986 1015.81 1027.41 1046.41 1083.37 1153.62 1281.27 1496.02
303.15 25.0 1006.455 1014.24 1025.76 1044.64 1081.39 1151.25 1278.30 1492.26
308.15 250 1004.739 1012.48 1023.94 1042.72 1079.27 1148.78 1275.28 1488.47
313.15 25.0 1002.852 1010.56 1021.96 1040.65 1077.03 1146.21 127220 1484.65
318.15 25.0 1000.804 1008.48 1019.83 1038.44 1074.66 1143.56 1269.08 1480.80
323.15 25.0 998.605 1006.25 1017.56 1036.10 1072.17 1140.81 1265.90 1476.93
328.15 25.0 996.264 1003.88 1015.15 1033.62 1069.57 1137.98 1262.66 1473.03
333.15 250 993.786 1001.38 1012.62 1031.03 1066.86 1135.05 1259.37 1469.11
338.15 25.0 991.179 998.75 1009.96 1028.32 1064.05 1132.04 1256.02 1465.17
343.15 25.0 988.447 996.00 1007.18 1025.50 1061.13 1128.95 1252.62 1461.21
348.15 25.0 985.595 993.14 1004.29 1022.56 1058.12 1125.78 1249.17 1457.22
353.15 250 982.627 990.16 1001.29 1019.52 1055.00 1122.52 1245.66 1453.20
358.15 25.0 979.547 987.07 998.18 1016.38 1051.80 1116.19 1242.09 1449.16
363.15 250 976.359 983.87 994.96 1013.14 1048.50 1115.78 1238.47 1445.09
368.15 25.0 973.064 980.57 991.65 1009.80 1045.11 1112.29 1234.80 1440.99
373.15 25.0 969.665 977.16 988.24 1006.37 1041.63 1108.73 1231.08 1436.87
383.15 25.0 962.566 970.06 981.12 999.22 1034.43 1101.39 1223.47 1428.53
393.15 25.0 955.075 962.57 973.62 991.71 1026.88 1093.77 1215.66 1420.06
398.15 250 951.185 958.68 969.74 987.83 1022.99 1089.85 1211.67 1415.78
403.15 25.0 947.201 954.70 965.76 983.85 1019.01 1085.87 1207.64 1411.47
413.15 25.0 938.951 946.47 957.54 975.65 1010.83 1077.69 1199.42 1402.74
423.15 25.0 930.326 937.87 948.96 967.10 1002.32 1069.24 1191.00 1393.86
433.15 25.0 921.326 928.90 940.02 958.20 993.50 1060.53 1182.39 1384.85
443.15 250 911.943 919.55 930.72 948.96 984.36 1051.54 1173.58 1375.69
448.15 250 907.106 914.74 925.93 944.21 979.66 1046.95 1169.10 1371.05
453.15 25.0 902.169 909.82 921.05 939.37 974.89 1042.28 1164.57 1366.38
463.15 25.0 891.991 899.70 911.00 929.41 965.09 1032.75 1155.38 1356.92
473.15 25.0 881.391 889.17 900.54 919.07 954.95 1022.93 1145.98 1347.31
498.15 25.0 852.879 860.88 872.53 891.45 928.01 997.10 1121.65 1322.62
523.15 25.0 821.037 829.38 841.44 860.95 898.51 969.26 1096.08 1296.97
523.15 25.0 821.037 829.38 841.44 860.95 898.51 969.26 1096.08 1296.97
548.15 25.0 784.971 793.82 806.50 826.89 865.93 939.08 1069.21 1270.38
573.15 25.0 743.133 752.80 766.43 788.16 829.42 906.08 1040.93 1242.93
273.15 50.0 1023.813 1031.97 1044.06 1063.84 1102.26 1174.92 1305.67 1522.70
278.15 50.0 1023.193 1031.26 1043.20 1062.77 1100.78 1172.77 1302.70 1519.37
283.15 50.0 1022.318 1030.31 1042.13 1061.51 1099.17 1170.59 1299.77 1515.90
288.15 50.0 1021.219 1029.14 1040.87 1060.08 1097.45 1168.35 1296.84 151235
293.15 50.0 1019.917 1027.78 1039.42 1058.50 1095.60 1166.05 1293.90 1508.73
298.15 50.0 1018.431 1026.24 1037.81 1056.76 1093.64 1163.68 1290.94 1505.06
303.15 50.0 1016.776 1024.54 1036.04 1054.89 1091.56 1161.24 1287.94 1501.36
308.15 50.0 1014.964 1022.69 1034.13 1052.88 1089.37 1158.72 1284.91 1497.62
313.15 50.0 1013.006 1020.70 1032.08 1050.75 1087.07 1156.12 1281.84 1493.86
318.15 50.0 1010.909 1018.57 1029.91 1048.50 1084.66 1153.45 1278.72 1490.08
323.15 50.0 1008.682 1016.31 1027.61 1046.13 1082.16 1150.70 1275.56 1486.27
328.15 50.0 1006.330 1013.94 1025.20 1043.65 1079.56 1147.87 1272.36 1482.44
333.15 50.0 1003.859 1011.45 1022.67 1041.07 1076.86 1144.97 1269.11 1478.60
338.15 50.0 1001.274 1008.84 1020.03 1038.38 1074.08 1141.99 1265.81 1474.73
343.15 50.0 998.579 1006.13 1017.29 1035.59 1071.20 1138.95 1262.46 1470.85
348.15 50.0 995.778 1003.31 1014.45 1032.71 1068.23 1135.83 1259.07 1466.94
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Table A-7. The calculated density of NaBr(aq). Units are kgm~® — Continued

551

m |/ molkg™!

TK p/ MPa 0.0 0.1 0.25 0.5 1.0 2.0 4.0 8.0
353.15 50.0 992.874 1000.39 1011.51 1029.73 1065.18 1132.64 1255.63 1463.01
358.15 50.0 989.870 997.38 1008.48 1026.67 1062.05 1129.38 1252.14 1459.06
363.15 50.0 986.770 994.27 1005.35 1023.51 1058.84 1126.05 1248.61 1455.09
368.15 500 983.575 991.07 1002.13 1020.27 1055.54 1122.66 1245.03 1451.09
373.15 50.0 980.288 987.77 998.83 1016.94 1052.17 1119.20 1241.40 1447.07
383.15 50.0 973.446 980.92 991.96 1010.04 1045.20 1112.09 1234.01 1438.95
393.15 50.0 966.258 973.73 984.76 1002.82 1037.94 1104.73 1226.44 1430.71
398.15 50.0 962.538 970.01 981.04 999.10 1034.20 1100.96 1222.59 1426.55
403.15 50.0 958.734 966.21 977.24 995.29 1030.39 1097.13 1218.69 1422.36
413.15 50.0 950.882 958.37 969.41 987.46 1022.56 1089.28 1210.76 1413.88
423.15 50.0 942.708 950.21 961.26 979.34 1014.45 1081.20 1202.65 1405.28
433.15 50.0 934,212 941.74 952.81 970.91 1006.08 1072.89 1194.37 1396.53
443.15 50.0 925.396 932.95 944.05 962.20 997.43 1064.34 1185.92 1387.65
448.15 50.0 920.868 928.44 939.56 957.73 993.01 1059.98 1181.63 1383.16
453.15 50.0 916.257 923.84 934.99 953.19 988.51 1055.57 1177.30 1378.63
463.15 50.0 906.790 914.42 925.61 943.88 979.32 1046.56 1168.50 1369.46
473.15 50.0 896.986 904.66 915.91 93427 969.85 1037.32 1159.54 1360.14
498.15 50.0 870.931 878.77 890.22 908.85 944.91 1013.16 1136.38 1336.20
523.15 50.0 842.458 850.52 862.25 881.28 918.03 987.42 1112.14 1311.35
523.15 50.0 842.458 850.52 862.25 881.28 918.03 987.42 1112.14 1311.35
548.15 50.0 811.184 819.57 831.68 851.27 888.97 959.91 1086.76 1285.68
573.15 50.0 776.540 785.37 798.01 818.33 857.28 930.27 1060.05 1259.53
273.15 75.0 1034.845 1042.97 1054.99 1074.67 1112.89 1185.17 1313.24 1531.44
278.15 75.0 1033.925 1041.96 1053.85 1073.34 1111.19 1182.86 1312.20 1528.09
283.15 75.0 1032.799 1040.76 1052.55 1071.86 1109.39 1180.53 1309.20 1524.63
288.15 750 1031.488 1039.39 1051.08 10670.25 1107.50 1178.17 1306.22 1521.09
293.15 75.0 1030.011 1037.86 1049.47 1068.50 1105.51 1175.77 1303.23 1517.50
298.15 75.0 1028.382 1036.18 1047.72 1066.64 1103.43 1173.31 1300.23 1513.86
303.15 75.0 1026.611 1034.37 1045.84 1064.66 1101.26 1170.80 1297.21 1510.19
308.15 75.0 1024.708 1032.42 1043.85 1062.57 1099.00 1168.23 1294.16 1506.49
313.15 75.0 1022.680 1030.36 1041.74 1060.38 1096.65 1165.60 1291.08 1502.77
318.15 75.0 1020.533 1028.19 1039.51 1058.08 1094.21 1162.90 1287.97 1499.03
323.15 75.0 1018.274 1025.90 1037.19 1055.69 1091.68 1160.14 1284.82 1495.28
328.15 75.0 1015.907 1023.51 1034.76 1053.20 1089.08 1157.31 1281.64 1491.51
333.15 75.0 1013.435 1021.01 1032.23 1050.61 1086.39 1154.43 1278.42 1487.72
338.15 75.0 1010.864 1018.42 1029.61 1047.94 1083.62 1151.48 1275.16 1483.92
343.15 75.0 1008.195 1015.74 1026.90 1045.18 1080.77 1148.46 1271.86 1480.10
348.15 75.0 1005.432 1012.96 1024.09 1042.34 1077.84 1145.39 1268.52 1476.27
353.15 750 1002.578 1010.09 1021.20 1039.41 1074.84 1142.25 1265.14 1472.42
358.15 75.0 999.635 1607.14 1018.23 1036.41 1071.77 1139.05 1261.72 1468.55
363.15 75.0 996.606 1004.10 1015.17 1033.32 1068.63 1135.80 1258.26 1464.66
368.15 75.0 993.493 1000.98 1012.04 1030.16 1065.41 1132.48 1254.76 1460.76
373.15 75.0 990.298 997.77 1008.82 1026.92 1062.13 1129.11 1251.22 1456.83
383.15 75.0 983.668 991.13 1002.16 1020.22 1055.36 1122.20 1244.02 1448.91
393.15 75.0 976.730 984.19 995.21 1013.25 1048.33 1115.06 1236.66 1440.89
398.15 75.0 973.148 980.61 991.62 1009.65 1044.72 1111.41 1232.92 1436.84
403.15 75.0 969.494 976.95 987.97 .1005.99 1041.05 1107.71 1229.14 1432.77
413.15 75.0 961.968 969.43 980.45 998.47 1033.52 1100.15 1221.47 1424.54
423.15 75.0 954.159 961.64 972.66 990.69 1025.75 1092.38 1213.64 1416.19
433.15 75.0 946.072 953.56 964.60 982.66 1017.74 1084.41 1205.66 1407.72
443.15 75.0 937.709 945.22 956.28 974.37 1009.50 1076.23 1197.53 1399.11
448.15 75.0 933.425 940.95 952.02 970.13 1005.29 1072.07 1193.41 1394.76
453.15 75.0 929.072 936.61 947.70 965.83 1001.02 1067.86 1189.25 1390.38
463.15 75.0 920.159 927.73 938.86 957.03 992.32 1059.29 1180.81 1381.51
473.15 75.0 910.969 918.58 929.75 947.99 983.38 1050.52 1172.22 1372.49
498.15 750 886.745 894.47 905.79 924.24 959.99 1027.711 1150.10 1349.33
523.15 75.0 860.646 868.54 880.06 898.80 935.06 1003.60 1127.03 1325.28
523.15 75.0 860.646 868.54 880.06 898.80 935.06 1003.60 1127.03 1325.28
548.15 75.0 832.494 840.61 852.40 871.53 908.45 978.09 1102.96 1300.41
573.15 75.0 802.045 810.45 822.58 842,19 879.93 950.93 1077.73 1275.04
273.15 100.0 1045.296 1053.38 1065.35 1084.95 1123.00 1194.94 1324.45 1540.00
278.15 100.0 1044.119 1052.13 1063.98 1083.39 1121.10 1192.49 1321.34 1536.62
283.15 100.0 1042.774 1050.71 1062.47 1081.72 1119.13 1190.03 1318.28 1533.14
288.15 100.0 1041.277 1049.16 1060.82 1079.94 1117.09 1187.56 1315.23 1529.60
293.15 100.0 1039.644 1047.47 1059.06 1078.06 1114.98 1185.07 1312.19 1526.00
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Table A-7. The calculated density of NaBr(aq). Units are kgm~3 — Continued

DONALD G. ARCHER

m [ molkg~!

TK p/ MPa 0.0 0.1 0.25 0.5 1.0 20 40 8.0
298.15 100.0 1037.883 1045.67 1057.19 1076.08 1112.80 1182.53 1309.15 1522.37
303.15 100.0 1036.005 1043.75 1055.21 1074.00 1110.54 1179.95 1306.10 1518.72
308.15 100.0 1034.016 1041.72 1053.13 1071.83 1108.21 1177.33 1303.03 1515.04
313.15 100.0 1031.921 1039.60 1050.96 1069.58 1105.81 1174.66 1299.94 1511.34
318.15 100.0 1029.726 1037.37 1048.69 1067.24 1103.33 1171.94 1296.82 1507.64
323.15 100.0 1027.433 1035.05 1046.33 1064.82 1100.78 1169.16 1293.68 1503.92
328.15 100.0 1025.047 1032.64 1043.88 1062.31 1098.16 1166.33 1290.51 1500.18
333.15 100.0 1022.570 1030.14 1041.35 1059.72 1095.47 1163.45 1287.31 1496.44
338.15 100.0 1020.005 1027.56 1038.74 1057.06 1092.71 1160.52 1284.08 1492.69
343.15 100.0 1017.355 1024.89 1036.04 1054.32 1089.89 1157.53 1280.81 1488.93
348.15 100.0 1014.622 1022.14 1033.27 1051.51 1086.99 1154.49 1277.51 1485.15
353.15 100.0 1011.808 1019.32 1030.42 1048.62 1084.04 1151.40 1274.18 1481.37
358.15 100.0 1008.914 1016.41 1027.50 1045.66 1081.01 1148.26 1270.82 1477.57
363.15 100.0 1005.944 1013.43 1024.50 1042.64 1077.93 1145.06 1267.42 1473.75
368.15 100.0 1002.899 1010.37 1021.43 1039.54 1074.78 1141.81 1263.99 1469.93
373.15 100.0 999.780 1007.25 1018.29 1036.38 1071.57 1138.51 1260.53 1466.08
383.15 100.0 993.328 1000.78 1011.80 1029.85 1064.97 1131.77 1253.49 1458.34
393.15 100.0 986.599 994.05 1005.05 1023.08 1058.14 1124.83 1246.32 1450.52
398.15 100.0 983.134 990,58 1001.58 1019.60 1054.64 1121.28 1242.69 1446.58
403.15 100.0 979.604 987.05 998.05 1016.06 1051.09 1117.69 1239.02 1442.62
413.15 100.0 972.351 979.80 990.80 1008.80 1043.81 1110.38 1231.58 1434.62
423.15 100.0 964.848 972.31 983.31 1001.31 1036.32 1102.88 1224.00 1426.52
433.15 100.0 957.099 964.57 975.58 993.60 1028.63 1095.20 1216.29 1418.31
443.15 100.0 949.109 956.59 967.62 985.67 1020.73 1087.34 1208.44 1409.98
448.15 100.0 945.025 952.52 963.56 981.62 1016.70 1083.35 1204.47 1405.77
453.15 100.0 940.882 948.39 959.44 977.51 1012.62 1079.32 1200.47 1401.53
463.15 100.0 932.418 939.95 951.03 969.14 1004.32 1071.12 1192.35 1392.95
473.15 100.0 923.718 931.28 942.39 960.55 995.82 1062.74 1184.11 1384.24
498.15 100.0 900.930 908.58 919.81 938.14 973.68 1041.06 1162.91 1361.87
523.15 100.0 876.621 884.41 895.79 914.34 950.27 1018.28 1140.87 1338.64
523.15 100.0 876.621 884.41 895.79 914.34 950.27 1018.28 1140.87 1338.64
548.15 100.0 850.717 858.67 870.25 889.09 925.52 994.34 1117.95 1314.60
573.15 100.0 823.108 831.26 843.09 862.27 899.28 969.07 1094.01 1289.99

Table A-8. Calculated values of Bf3k. Units are kg:mol~!

T/K p* 0.1 MPa/p,, 10 MPa 25 MPa 50 MPa 75 MPa 100 MPa
268.15 0.1 0.1037 0.1060 0.1094 0.1146 0.1192 0.1233
273.15 0.1 0.1118 0.1137 0.1164 0.1205 0.1241 0.1274
278.15 0.1 0.1183 0.1198 0.1220 0.1253 0.1282 0.1308
283.15 0.1 0.1235 0.1248 0.1265 0.1292 0.1316 0.1337
288.15 0.1 0.1278 0.1289 0.1303 0.1325 0.1345 0.1362
293.15 0.1 0.1315 0.1323 0.1335 0.1353 0.1369 0.1383
298.15 0.1 0.1345 0.1352 0.1362 0.1377 0.1390 0.1401
303.15 0.1 0.1370 0.1376 0.1385 0.1397 0.1408 0.1417
308.15 0.1 0.1392 0.1397 0.1404 0.1414 0.1423 0.1430
313.15 0.1 0.1410 0.1415 0.1420 0.1429 0.1436 0.1441
318.15 0.1 0.1426 0.1429 0.1434 0.1441 0.1446 0.1451
323.15 0.1 0.1439 0.1441 0.1445 0.1451 0.1455 0.1459
328.15 0.1 0.1449 0.1452 0.1455 0.1459 0.1463 0.1465
333.15 0.1 0.1458 0.1460 0.1462 0.1466 0.1468 0.1470
338.15 0.1 0.1465 0.1466 0.1468 0.1471 0.1473 0.1474
343.15 0.1 0.1470 0.1471 0.1473 0.1475 0.1476 0.1476
348.15 0.1 0.1474 0.1475 0.1476 0.1477 0.1478 0.1478
353.15 0.1 0.1476 0.1477 0.1478 0.1479 0.1479 0.1478
358.15 0.1 0.1477 0.1478 0.1478 0.1479 0.1478 0.1477
363.15 0.1 0.1477 0.1477 0.1478 0.1478 0.1477 0.1476
368.15 0.1 0.1476 0.1476 0.1476 0.1476 0.1475 0.1473
373.15 0.1 0.1473 0.1473 0.1473 0.1473 0.1472 0.1470
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Table A-8. Calculated values of B{fk. Units are kg-moi~* — Continued

T/K ) 0.1 MPajp 10 MPa 25 MPa 50 MPa 75 MPa 100 MPa
383.15 0.1 0.1466 0.1466 0.1466 0.1465 0.1463 0.1461
393.15 0.2 0.1455 0.1455 0.1454 0.1453 0.1451 0.1449
398.15 0.2 0.1448 0.1448 0.1447 0.1446 0.1444 0.1442
403.15 0.3 0.1441 0.1440 0.1440 0.1438 0.1437 0.1434
413.15 0.4 0.1423 0.1423 0.1422 0.1421 0.1419 0.1417
423.15 0.5 0.1403 0.1402 0.1402 0.1400 0.1399 0.1397
433.15 0.6 0.1380 0.1379 0.1379 0.1377 0.1376 0.1374
443.15 0.8 0.1354 0.1354 0.1353 0.1351 0.1350 0.1348
448.15 0.9 0.1340 0.1340 0.1339 0.1337 0.1336 0.1335
453.15 1.0 0.1326 0.1325 0.1324 0.1323 0.1322 0.1320
463.15 1.3 0.1294 0.1294 0.1293 0.1292 0.1291 0.1290
473.15 1.6 0.1260 0.1260 0.1259 0.1258 0.1257 0.1256
498.15 25 0.1163 0.1162 0.1161 0.1160 0.1159 0.1160
523.15 4.0 0.1047 0.1045 0.1042 0.1039 0.1039 0.1039
548.15 59 0.0907 0.0903 0.0894 0.0888 0.0885 0.0886
573.15 8.6 0.0731 0.0727 0.0702. 0.06R3 1L.0R76 0.0673
598.15 12.0 0.0483 0.0415 0.0360 0.0336 - 0.0325

“Column gives the pressure for values of Bl in the 0.1 MPa / p, column.
Table A-9. Calculated values of 8{tk. Units are kg:mol !

T/K P 0.1 MPa/jp,. 10 MPa 25 MPa 50 MPa 75 MPa 100 MPa
268.15 0.1 0.2312 0.2337 0.2375 0.2435 0.2491 0.2545
273.15 0.1 0.2521 0.2544 0.2578 0.2632 0.2684 0.2732
278.15 0.1 0.2675 0.2696 0.2727 0.2776 0.2823 0.2867
283.15 0.1 0.2794 0.2813 0.2842 0.2886 0.2929 0.2969
288.15 0.1 0.2892 0.2909 0.2935 0.2975 0.3014 0.3051
293.15 0.1 0.2975 0.2990 0.3013 0.3050 0.3085 0.3118
298.15 0.1 0.3047 0.3061 0.3082 03115 0.3146 0.3176
303.15 0.1 0.3112 0.3124 0.3143 0.3172 0.3201 0.3227
308.15 0.1 0.3171 0.3182 0.3199 0.3225 0.3250 0.3274
313.15 0.1 0.3226 0.3236 0.3251 0.3274 0.3296 0.3317
318.15 0.1 0.3279 0.3287 0.3300 0.3320 0.3339 0.3357
323.15 0.1 0.3329 0.3336 0.3347 0.3364 0.3380 0.3395
328.15 0.1 0.3378 0.3384 0.3393 0.3406 0.3420 0.3432
333.15 0.1 0.3426 0.3430 0.3437 0.3448 0.3458 0.3468
338.15 0.1 0.3473 0.3476 0.3481 0.3489 0.3497 0.3504
343.15 0.1 0.3519 0.3521 0.3524 0.3529 0.3534 0.3539
348.15 0.1 0.3566 0.3567 0.3568 0.3570 0.3572 0.3573
353.15 0.1 0.3612 0.3612 0.3611 0.3610 0.3609 0.3608
358.15 0.1 0.3659 0.3657 0.3655 0.3651 0.3647 0.3643
363.15 0.1 0.3707 0.3703 0.3699 0.3652 0.3685 0.3678
368.15 0.1 0.3755 0.3750 0.3744 0.3733 0.3723 0.3714
373.15 0.1 0.3803 0.3798 0.3789 0.3775 0.3762 0.3750
383.15 0.1 0.3904 0.3895 0.3882 0.3862 0.3842 0.3824
393.15 0.2 0.4009 0.3997 0.3979 0.3952 0.3926 0.3901
398.15 0.2 0.4064 0.4050 0.4030 (.3998 0.3969 0.3941
403.15 03 04120 04104 4082 () 4046 04013 0.3982
413.15 0.4 0.4237 0.4218 0.4190 0.41406 0.4105 0.4067
423.15 0.5 0.4361 0.4338 0.4304 0.4252 0.4203 0.4157
433.15 0.6 0.4493 0.4467 0.4426 0.4364 0.4306 0.4252
443.15 0.8 0.4635 0.4604 0.4556 0.4483 0.4415 0.4353
448.15 0.9 0.4709 0.4676 0.4624 0.4545 0.4473 0.4406
453.15 1.0 0.4786 0.4750 0.4694 0.4609 0.4532 0.4460
463.15 13 0.4947 0.4907 0.4842 0.4744 0.4655 0.4574
473.15 1.6 0.5121 0.5075 0.5000 0.4888 0.4786 0.4694
498.15 2.5 0.5614 0.5555 0.5448 0.5290 0.5152 0.5029
523.15 4.0 0.6209 0.6139 0.5984 0.5766 0.5580 0.5417
548.15 59 0.6937 0.6866 0.6635 0.6329 0.6079 0.5866
573.15 8.6 0.7847 0.7805 0.7440 0.6999 0.6663 0.6385
598.15 12.0 0.9027 0.8468 0.7805 0.7346 0.6984

*Column gives the pressure for values of B in the 0.1 MPa / pw column.
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Table A-10. Calculated values of C{g%. Units are kg>mol ~2

T/K P 0.1 MPajp,, 10 MPa 25 MPa 50 MPa 75 MPa 100 MPa
268.15 0.1 0.02 -0.21 -0.53 -1.03 -1.49 -1.91
273.15 0.1 -0.45 -0.62 -0.88 -1.28 -1.65 -1.99
278.15 0.1 -0.81 -0.96 -1.16 -1.49 -1.79 -2.07
283.15 0.1 -1.11 -1.23 -1.40 -1.66 -1.91 -2.14
288.15 0.1 -135 -1.45 -1.59 -1.81 -2.02 -2.20
293.15 0.1 -1.56 -1.64 -1.76 -1.94 211 -2.27
298.15 0.1 -1.74 -1.81 -1.91 -2.06 -2.20 -2.33
303.15 0.1 -1.90 -1.95 -2.03 -2.16 228 -2.38
308.15 0.1 -2.03 -2.08 -2.15 -2.25 -2.35 -2.44
313.15 0.1 -2.16 -2.19 -2.25 -2.34 242 -2.49
318.15 0.1 -2.26 -2.30 -2.34 -241 -2.48 -2.54
323.15 0.1 -2.36 -2.39 -2.43 -2.48 2.54 -2.58
32815 0.1 -2.45 -2.47 -2.50 -2.55 -2.59 -2.63
333.15 0.1 -2.53 -2.55 -2.57 -2.61 -2.64 -2.67
338.15 0.1 -2.60 -2.61 -2.63 -2.66 -2.68 -2.70
343.15 0.1 -2.67 -2.68 -2.69 2.7 -2.72 -2.74
348.15 0.1 273 2.73 -2.74 -2.75 -2.76 277
353.15 0.1 -2.78 -2.78 -2.79 -2.79 -2.79 279
358.15 0.1 -2.83 -2.83 -2.83 -2.83 282 -2.82
363.15 0.1 -2.87 -2.87 -2.86 -2.86 -2.85 -2.84
368.15 0.1 -291 -2.90 -2.90 -2.88 -2.87 -2.86
373.15 0.1 -2.94 -2.93 -2.92 -2.91 -2.89 -2.88
383.15 01 -2.99 -2.98 -2.97 -2.94 -2.92 -2.90
393.15 0.2 -3.03 -3.02 -3.00 -2.96 -2.93 -2.90
398.15 0.2 -3.04 -3.03 -3.00 -2.97 -2.94 -2.90
403.15 03 -3.05 -3.03 -3.01 -2.97 -2.93 -2.90
413.15 0.4 -3.06 -3.04 -3.01 -2.96 -2.92 -2.88
423.15 0.5 -3.05 -3.02 -2.99 -2.94 -2.89 285
433.15 0.6 -3.02 -3.00 -2.96 -2.90 -2.85 -2.80
443.15 0.8 -2.98 -2.95 -2.91 -2.85 279 -2.74
448.15 0.9 -2.96 -2.93 -2.88 -2.81 275 -2.70
453.15 1.0 -2.93 -2.90 -2.85 -2.78 271 -2.66
463.15 13 -2.86 -2.82 -2.77 -2.69 -2.62 -2.56
473.15 1.6 -2.77 -2.73 -2.67 -2.59 251 -2.45
498.15 2.5 -2.48 -2.44 -2.36 -2.25 -2.15 -2.08
523.15 4.0 -2.07 -2.02 -1.91 -1.76 -1.65 -1.55
548.15 59 -1.50 -1.45 -1.28 -1.08 -0.92 0.79
573.15 8.6 -0.68 -0.65 -0.36 -0.04 0.18 0.35
598.15 12.0 0.69 1.22 1.79 2.15 2.42

Column gives the pressure for values of C%% in the 0.1 MPa / Pw column.

Tablc A-11. Calculated values of C{ik. Units are kg*mol ~2

T/K p 0.1 MPajp,, 10 MPa 25 MPa 50 MPa 75 MPa 100 MPa
268.15 0.1 -13.31 -13.31 -13.31 -13.31 -13.31 -13.31
273.15 0.1 -13.56 -13.56 -13.56 -13.56 -13.56 -13.56
278.15 0.1 -13.55 -13.55 -13.55 -13.55 -13.55 -13.55
283.15 0.1 -13.40 -13.40 -13.40 -13.40 -13.40 -13.40
288.15 0.1 -13.17 -13.17 -13.17 -13.17 -13.17 -13.17
293.15 0.1 -12.90 -12.90 -12.90 -12.90 -12.90 -12.90
298.15 0.1 -12.59 -12.59 -12.59 -12.59 -12.59 -12.59
303.15 0.1 -12.28 -12.28 -12.28 -12.28 -12.28 -12.28
308.15 0.1 -11.96 -11.96 -11.96 -11.96 -11.96 -11.96
313.15 0.1 -11.63 -11.63 -11.63 -11.63 -11.63 -11.63
31815 0.1 -11.31 -11.31 -11.31 -11.31 -11.31 -11.31
323.15 0.1 -10.99 -10.99 -10.99 -10.99 -10.99 -10.99
328.15 0.1 -10.67 -10.67 -10.67 -10.67 -10.67 -10.67
333.15 0.1 -10.36 -10.36 -10.36 -10.36 -10.36 -10.36
338.15 0.1 -10.04 -10.04 -10.04 -10.04 -10.04 -10.04
343.15 0.1 -9.74 -9.74 -9.74 -9.74 -9.74 -9.74

348.15 0.1 —9.43 —9.43 -9.43 -9.43 -9.43 -9.43
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Table A-11. Calculated values of C{ik. Units are kg¥mol~? — Continued

T/K P 0.1 MPa/p., 10 MPa 25 MPa 50 MPa 75 MPa 100 MPa
353.15 0.1 -9.13 -9.13 -9.13 -9.13 -9.13 -9.13
358.15 0.1 —8.83 —-8.83 -8.283 —8.83 —8.83 ~8.83
363.15 0.1 -8.53 -8.53 ~8.53 -8.53 ~8.53 —8.53
368.15 0.1 -823 —-8.23 —8.23 -8.23 ~8.23 -8.23
373.15 0.1 ~17.93 -17.93 -17.93 -17.93 -7.93 -7.93
383.15 0.1 -7.34 ~7.34 -7.34 ~7.34 ~7.34 —7.34
393.15 0.2 -~6.75 -6.75 -6.75 -6.75 -6.75 ~6.75
398.15 0.2 —6.46 —~6.46 —6.46 —-6.46 —6.46 —6.46
403.15 0.3 -6.16 —6.16 —-6.16 -6.16 —6.16 -6.16
413.15 0.4 -5.56 —-5.56 —-5.56 -5.56 -5.56 -5.56
423.15 0.5 —4.95 —4.95 —4.95 -4.95 -4.95 ~4.95
433.15 0.6 —4.32 ~-4.32 —4.32 -4.32 —4.32 —4.32
443.15 0.8 -3.68 —3.68 —3.68 —-3.68 —3.68 -3.68
448.15 0.9 -3.34 —-334 -3.34 -3.34 —-3.34 -3.34
453.15 1.0 -30 -3.01 -3.01 -3.01 ~3.01 -3.01
463.15 1.3 -231 —2.31 -231 -231 -2.31 -231
473.15 16 —1.58 —1.58 -1.58 —1.58 —-1.58 -1.58
498.15 2.5 0.47 0.47 0.47 0.47 0.47 0.47
523.15 4.0 2.96 2.96 2.96 2.96 2.96 2.96
548.15 5.9 6.25 6.25 6.25 6.25 6.25 6.25
573.15 8.6 1115 1115 1115 11.15 11.15 1115
598.15 12.0 20.10 20.10 20.10 20.10 20.10

*Column gives the pressure for values of Clyy in the 0.1 MPa / p,, column.
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